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TO THE AMERICAN PEOPLE: 


Your sons, husbands and brothers who are stand- 
ing today upon the battlefronts are fighting 
for more than victory in war. They are fight- 
ing for a new world of freedom and peace. 


We, upon whom has been placed the responsibil- 
ity of leading the American forces, appeal to 
you with all possible earnestness to invest in 
War Bonds to the fullest extent of your 
capacity. 


Give us not only the needed implements of war, 
but the assurance and backing of a united 
people so necessary to hasten the victory and 
speed the return of your fighting men. 











With Cutler-Hammer Magnetic Clutches in or on 
your machines or equipment ... engaging or dis- 
engaging at the touch of a button or by means of 
a limit switch, photoelectric cell or other device ... 
you gain many advantages, and further degrees 
of automatic operation. 


You can have autoratic sequence of motions, 
the starting and stopping of parts of a cycle on 
automatic machines of many types. 

You can have smooth, safe, swift, automatic en- 
gagement of the load where synchronous motors 
are used, after the motor is brought up to full speed. 


You can accelerate and lock into synchronism 
the various sections of a machine ... guard vari- 


ous types of drives and machines against mecha 
cal injury from jams and shocks .. . use C-H Ma 
netic Clutches as safety disconnect devices 


brakes are suddenly set on high inertia drives ki 


There is a broad field of machine design 4 
vance awaiting your investigation of C-H Mo 
netic Clutches available in sizes from 7 inches{o 
inches in diameter. Write to Cutler-Hammer # 
cialists today. CUTLER-HAMMER, Inc., 1326 St. Po 


Ave., Milwaukee 1, Wisconsin. Associate: Canadid 


Cutler-Hammer, Ltd., Toronto, Ont. 
SS 
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D. you manufacture or buy porcelain 
enameled products? Then you should know 
about the remarkable advantages of the new 
enameling alloy steel—Ti-Namel—the most 
recent development of Inland research. 


IF YOU ARE A MANUFACTURER. Inland 
Ti-Namel Steel eliminates the necessity for a ground 
coat on porcelain enameled products. White or color 
cover coat vitreous enamels are applied direct to 


































Hunter Nead (rj 





Frank Porter, 8) manager, and the base metal. Ti-Namel does not age strain. It can 
I 9 2 lc e , * 4 

tion Dents Meta lurgical and Trapt be easily deep drawn. It reduces shop reoperations, 

of a si » “heck the fine as ° a . 

Namel pon fot! of enamel onia i” edging, and scrap. It does not reboil. It is fired at lower 


temperatures, and in shorter time. Inland Ti-Namel 
Steel: increases shop output, lowers manufacturing 
_ costs, and assures better enameled products. 


IF YOU ARE A BUYER OF PORCELAIN 
ENAMELED WARE. When you specify Inland 
Ti-Namel Steel you will get enameled products that 
are unsurpassed, the finish being equal to the best 
multi-coat ware. The thin finish coat or coats applied 
direct to the base metal, will have high reflectance, 
reduced damage hazard, and longer service life. 

Write today for your copy of the new Ti-Namel Bulletin! 


Pending patent applications on the new enameling process and product 
made thereby are owned jointly by Inland Steel Company and 
ere The Titanium Alloy Manufacturing Company under trust agreement. 








8 inches in 








This deep drawn por, deep, was Inland Steel Company, 38 S. Dearborn Street, Chicago = * 3 a 

diameter nA gage Ti-Namel — Sales Offices: Cincinnati, Detroit, Indianapolis, Kansas City, Beaty 

mode rn given one coat of Milwaukee, New York, St. Louis, St. Paul. 195 

enamel. Principal Products: Bars, Floor Plate, Piling, Plates, Rails, Bello 
Reinforcing Bars, Sheets, Strip, Structurals, Tin Plate, Track = 
Accessories. 
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Ltemized hndex 


Classified for Convenience when Studying Specific Design Problems 


— 1, Edit. 116 
tor improves temperature contro it. 
sito described, Edit. 139-140 
ectric and hydraulic auxiliaries, comparing, Edit. 101-107 
sctrical variable speed drives, selecting, Edit. 117-122, 
172, 174 
Lad ne. scope widened by improved processes, 
Edit. 135- 
orce and shrink fits, data sheet, Edit. 145-148 
mproving machine design with tubular sections, Edit. 11- 
115 
Stress measurement in machines, Edit. 123-127 
Torque overload protection, controls for, Edit. 129-134, 176 


sneering Department: 
Design service, Adv. 186, 231, 257, 333 
quipment and supplies, Edit. 166; Adv. 10, 70, 79, 182, 
250, 270, 342, 366, 372, 391, 404, 406 
Management, Edit. 154 
esting equipment, Adv. 281, 378, 391, 406, 408 


Electroplating, Adv. 230 
Paints, Adv. 84, 85 
Plastic, Adv. 392 


il alloys, Adv. 14, 15, 282, 287, 311 
Bimetal, Adv. 89 
Bronze, Edit. 160; Adv. 313, 314, 386, 403 
Carbon, Adv. 846 
Felt, Adv. 82, 369 
Glass, Adv. 235, 837 
ie e Edit, age 
ium alloys, Vv 43, 321 
nie ybdenum, Adv. 169 
Nickel alloys, Adv. 23, 187 
Plastics, Edit. 108, 158; Adv. 34, 54, 77, 90, 91,161, 194, 
212, 225, 268, 973, 979, 280, 295, 299, 325 
Rubber and synthetics, Edit. 144; Adv. 18, 36, 263, 359, 403 
‘Fae * , 81, 49, 61, 96, 171, 175, 196, 237, 275, 276, 


Tungsten alloys, Adv. 53, 385 
Vamish, insulation, Adv. 361 
Wood and plywood, Adv. 398 
Zine, Adv. 165 


t 


Balls, Adv. 358, 388 
Bearings, Adv. BC, 6, 35, 47, 56, 63, 72, 73, 87, 159, 184, 
195, 198, 207, 299, 242. 253, 269, 978, 283, 380, 397, 400 
Blows, Edit. 109, 128: Adv. 71, 86 
Bells, Adv. 41, 50, 95 
, Adv. 806, 388 
Cams, Edit, 109; Adv. 362 
parts, Adv. 252 
ote Edit. 135, 188; Adv. 20, 25, 173, 205, 214, 224, 
Chains, Edit. 156; Adv. 11, 26, 28, 62, 210, 216, 274 
, Adv. 97, 388, 390, 396 
ls, electrical, Edit. 108, 110, 116, 117-122, 129-134, 
160, 162, 172, 174, 176: Adv. IFC, 13, 57, 177, 190, 
91, 202, 203; 291° 238, 249, 286, 394, 298, 300, 305, 


318, 330, 347, 348, 350, 356, 360, 364, 371, 389, 404, 409 

Counters, Adv. 301 

Couplings, Adv. 65, 262, 332, 352, 399, 400, 407 

Se Edit. 101-107, 144, 157, 164; Adv. 33, 

Electrical acecssories, Edit. 144, 154; Adv. 344, 362 

Engines, Adv. 288, 376, 393 

Fabric parts, Adv. 349 

Fastenings; Edit. 160, 162, 164; Adv. 1, 55, 74, 75, 88; 181, 
192, 215, 228, 234, 292, 308, 310, 315, 317, 322, 336, 
344, 368, 370, 286, 390, 402, 414 

Filters, Edit. 109-110; Adv. 27, 68, 352 

Fittings, Adv. 227, 335, 372 

Forgings, Adv. 17, 40, 193, 211, 362, 877, 378, 384 

Gears, Adv. 5, 22, 24, 29, 167, 236, 243, 271, 291, 293, 316, 
324, 334, 365, 3738, 374, 376, 394, 405, 408 

Heating units, Adv. 390 

Hydraulic equipment, Edit. 101-107, 144, 156-157, 158; 
Adv. 9, 30, 99, 178, 219, 256, 312, 320, 326, 327, 338, 
840, 343, 357, 376, 378 

Instruments, Edit. 158; Adv. 19, 64 

Joints, Adv. 364 

Labels, nameplates, etc., Adv. 66, 398 

Lights, Adv. 329 

Lubrication and lubricating equipment, Edit. 111-115, 158; 
Adv. 51, 179, 341, 366, 379, 391, 398 

Machined parts, Adv. 850, 356, 404 

Motors, Edit. 101-107, 117-122, 157, 162, 172, 174; Adv. 
16, 37, 48, 69, 81, 98, 183, 217, 241, 267, 296, 308, 309, 
340, 342, 3538, 355, 389, 397, 399, 402, IBC 

Mountings (rubber), Adv. 197, 351 

Plastic parts, Adv. 94, 244, 364, 401, 418 

Plugs, Adv. 59 

Pneumatic equipment, Edit. 160; Adv. 100, 200, 222, 248, 
383, 396 

Powder metal parts, Adv. 319, 345 

Pulleys, sheaves, Edit. 109 

Pumps, Adv. 39, 78, 180, 185, 232, 247, 374, 384, 388, 
898, 403 

Rubber parts, Edit. 144; Adv. 226 

Seals, packing, Edit. 157, 160; Adv. 2, 52, 67, 163, 188, 199, 
255, 289, 354 

Shafts, flexible, Edit. 111-115; Adv. 354, 358, 394, 408 

Sheet-metal parts, Adv. 331, 397 

Speed reducers, Adv. 297, 386, 392, 409 

Springs, Adv. 21, 38, 83, 206, 238, 302, 368, 406 

Stampings, Adv. 12, 58, 60, 213, 218, 254, 360, 402 

Transmissions (variable speed), Adv. 32, 370, 384 

Tubing, metallic, Edit. 111-115; Adv. 92, 189, 201, 245, 246, 
251, 258, 259, 264, 265, 363, 401 

Universal joints, Edit. 162; Adv. 401 

Valves, Edit. 164; Adv. 8, 176 

Welded parts and equipment, Edit. 164; Adv. 44, 45, 76, 
204, 208, 209, 284, 285, 290, 304, 372, 389, 407 

Wheels, casters, Adv. 366, 370 

Wire, Adv. 266 

Wire cloth, Adv. 260, 323 


Production: 


Brazing, Edit. 144 

Grinding, Adv. 339 

Hardening, Edit. 111-115; Adv. 46, 80 

Heat Treatment, Adv. 396 

Tools, Adv. 220, 261, 272, 307, 360, 367, 375, 387, 405, 407 


MACHINE DESIGN is indexed in Industrial Arts Index and Engineering Index Service, both available in libraries generally. 
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What Do You Need in Piping Equipmen; 
eee CRANE Can Supply it . 


ONE SOURCE OF SUPPLY 
ONE RESPONSIBILITY FOR ALL PARTS 


ONE STANDARD OF QUALITY 


Specify all ‘your piping materials 
from a single source—your Crane 
Branch or Wholesaler. You'll be sure 
of getting exactly what you need— 
you'll have the advantage of the 
world’s greatest selection—in brass, 
iron and steel. You’ll find there’s no 
better way of helping to assure the 
best installation—than to have uni- 
form quality in all piping parts with 
one responsibility behind them. 
What’s more, you simplify ordering 
—and at the same time get full benefit 
of Crane Co.’s 90-year leadership in 
the piping equipment field. 
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SERVICE RECOMMENDATIONS: Crane Standard Iron Body Globe and 
Angle Valves are made all-iron, brass-trimmed or with compost 
tion disc. Brass-trimmed valves are ideal for steam, watet, 
oil lines; all-iron valves for oil, gas, or fluids that corrode brass 
but not iron. Composition disc valves are available with steam, 
hot water, or cold water discs. Screwed-end valves in sizes up ® 
4 in.; with flanged ends up to 10 in. See your Crane catalog tof 
complete specifications. 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Ill. Branches and Wholesalers Serving All Industrial A 
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We’re Looking for 


Thousands of naval vessels 
have new maneuverability 
and newreliability through 
the Fawick Airflex Clutch. 
Here is real proof of per- 
formance — under battle 
conditions. 


GED F 
em gat is proof against troubie. 
"| Phe Fawick Airflex Clutch controls torque by air. Actually, 12 Important Advantages 


gives you air-cushioned power. It absorbs shock and vibra- 








Bow you can equip your heavy duty machines with a clutch 


1. Simple in design and operation 
2. Flexible control by air 


3. No adjustments or oiling —low 
maintenance 


4. Dampens vibration—absorbs shocks 
5. Corrects misalignment automatically 


= _#%, with a clutch grip as firm, or as light, as the job requires. 

This revolutionary new clutch needs no arms, levers or 

if ings. It requires no adjustments, no lubrication. It corrects 

| @tomatically for misalignment. Maintenance costs are un- 

| pully low. 

: The Fawick Airflex Clutch has proved itself in heavy duty 

#vice—for Diesel drives, marine and industrial, presses, 6. Smooth starting—no jerks 

Bde , Paper and steel mills, hoists, draglines, cranes and 7. Runs cooler—uniform pressure 

MBovels—wherever the going is tough. 8. Controls torque by air pressure 
Write us for engineering recommendations based on broad 9. Greater capacity—more compact 


th experience. 10. Remote control by air valve 


FAWICK AIRFLEX COMPANY, INC. I. Replaces flexible couplings 

be ond | 2919 Clinton Rd. . Cleveland 11, Ohio 12. Acts as dutch, slip-clutch, brake and 
m posi- In Canada, Renold-Coventry Ltd., Montreal, coupling 

iter, Of Toronto, Vancouver 


e brass In Britain, Crofts Engineers, Ltd., Bradford, England 
steam, 


$ up 10 
log for 


FAWICK Ayi//ex CLUTCH 


J 
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LECTRONIC DEFROSTER will thaw frozen 

foods almost instantly, preserving their taste, 
texture and nutritive value. Dielectric heat is 
“broadcast” through a block of frozen food to thaw 
it in minutes instead of hours or days. 


ie 


4 


ps 


PARALLEL OPERATION of generators has been 
developed for 400-cycle aircraft to synchronize the 
generators automatically and divide the load be- 
tween them. For generators driven by engines op- 
erating at different speeds, G. E. engineers have 
designed a high-speed governor. It is an electro- 
magnetically actuated pilot valve operating a hy- 
draulic servomechanism and is capable of holding 
frequency and dividing power load equally. 


LIQUID-COOLED, in-line Allison engines have 
been successfully flight tested on a B-29. Desig- 
nated as the XB-39, the Superfortress devel- 
oped 10,400 horsepower, 2,600 for each of the four 


engines. 


FOOD PROCESSING industry, the biggest single 
industry in the country, utilizes 875,000 electric mo- 
tors. This is 14 per cent of all industrial motors 
in use, requiring 5% billion kilowatt-hours of electri- 
cal energy annually for operation. 


RETRIEVING TORPEDOES which sink dur- 
ing test runs has been facilitated by development 
of plastic disks for use in test heads. These test 
heads replace war heads during the test runs and, 
if a torpedo should sink, the plastic disk would dis- 
solve in a short time and release a float or buoy. 
This buoy, attached to the torpedo by a line, floats 
on the surface and marks the expensive torpedo’s 
location. 


SUBMERSION-PROOF lip microphone and head- 
set combinations have been developed by Bell Tele- 
phone to assure radio communication while the fa- 





aco 


omy is possible because better overall thermal 








mous Water Buffalos 

storming island beachhead: 

Equipped with a specially designgd 

gland which will pass air but not wp 

ter, the microphone is capable of withstand. 

ing a submersion cycle of 25 minutes under if 

inches of sea water followed by baking at 195 dg 

grees Fahr. Because the gland passes air, it permifi 

equalization of pressure under altitude change, thi 
allowing for safe transport of the delicate inst 

ments. a 


















SUPERFORTRESS PHOTO PLANE, designa 
the F-13A, carries more cameras than any othe 
plane without sacrificing any’ of the B-29's deadly 
fire power, range or speed. On a routine mission 
the F-13A can take more than 5000 separate em 
posures. Special glass is used in the window 
through which the photographs are taken to will 
stand the pressure at 35,000 feet without diminish) 
ing the clearness and effectiveness of the pictures. 7 































GAS-TURBINE ENGINES for future commercial] 
aircraft propulsion have promising possibilities be” 
cause they provide high power in a small spate. At 
500 miles an hour a conventional engine would ex- 
pend half its total horsepower in dragging itself 
through the air, the remainder being available to 
drive the plane. A gas turbine of comparable rat- 
ing, however, has one-quarter the frontal area of a 
conventional engine and requires only one-eighth its 
power to propel itself. Thus seven-eighths of its 
power can be applied to driving the plane. 






















STOCKING AND SHIPPING more than 620; 
000 different items is the job of the Supply Division, 
ATSC, four times more than the number of items 
handled by the largest commercial mail-order ot 
ganization in the world. Engaged in the supply ac 
tivities in the United States are more than 65,000 
civilians, approximately one-half of whom are wom 
en. Storage space used totals 60,220,000 square 
feet. 








SUPERCHARGING, for gas-diesel engines fas 
been developed by Cooper-Bessemer which increases 
the rating of an 1100-horsepower engine to 1600 
when operated on either gas or oil. Better fuel econ 


ciency is obtained than from atmospheric engines. 
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YORAULIG BALANCE 


Diegram showing patented “Hydraulic 


Balance” construction. 


As illustrated by the diagram above, equal and opposing 
pressure areas are provided on the outlet side and on 
the inlet side of Vickers Balanced Vane Type Pumps. 
The equal and opposing radial hydraulic thrust loads 
cancel each other . . . consequently there are no bearing 
loads resulting from pressure. The major cause for wear 
is thus completely eliminated and the result is much 
longer pump life. This “Hydraulic Balance” construc- 
tion is exclusive with Vickers Vane Type Pumps; it 
also permits an unusual design compactness and is an 


VICKERS Incorporated © 1430 OAKMAN BLVD. ¢ DETROIT 


CANCELS OUT BEARING LOADS 
MUCH LONGER PUMP 


LIFE 


VICKERS 


Balanced 


VANE TYPE 
PUMPS 


important reason for the exceptionally high efficiency 
of these pumps. 

Vickers Balanced Vane Type Pumps are available 
in single-stage for 1000 psi (see Bulletin 40-25a) ; 
two-stage for 2000 psi (see Bulletin 40-16). and also 
two-pressure, large-small volume (see Bulletin 38-14). 
Vickers Application Engineers will gladly discuss with 
you the many different types of hydraulic power and 
control circuits on which these pumps have improved 
machine performance. Write the office nearest you. 


32, MICHIGAN 


Application Engineering Offices: CHICAGO - CLEVELAND - DETROIT - LOS ANGELES - NEWARK - PHILADELPHIA - ROCHESTER - ROCKFORD - TULSA - WORCESTER 


Representative of More than 5,000 Standardized Vickers Units 


} 
{ 


“fer liga on Power and Contre! Function 


pare 


to 
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The ability to take punishment is built into every 
Ross Air Control Valve. With friction reduced to a minimum .++ 
with hardened steel used wherever there is a wearing surface - ++ 
with an extra strength factor provided for every stress ... and with 
an engineering design of utmost simplicity—Ross valves give long 
years of useful life. Many built more than 20 years ago are still in 
active service. 








Representatives in Principal Centers 





\\ 
+ \ 
FE 


ROSS Operating VALVE CO. 


6485 Epworth Blvd. Detroit 10, Mich. : 


w 
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By T. B. Holliday 


Colonel, Air Corps 
Ass't Chief, Equipment Laboratory. 
Engineering Division 


A CCESSORIES are the luxuries of aircraft, in that none of them are es- : : } 
sential to flying. . The airplane can fly with reasonable efficiency without them. Lestat ete 8 pa 
Each accessory, however, adds to the safety, ease of flying, comfort, or other . vig Hig pepe mt ree 
j characteristics of the airplane. For example, the automatic pilot is an acces- le shown of leit 
“Sory which makes the airplane easier to fly since it relieves the pilot during ; 
| "ermal flight. Retraction of the landing gear improves the aerodynamic effi- - Fig. 2 — Hydraulic , 
"ciency of the plane. Actuators for wing flaps improve performance. The de- pump for accessory’ 
ing system increases the safety of the airplane during hazardous weather | power on aircraft - 
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Fig. 3—Comparative weights of hydraulic 
Pump and electric generator 





Fig. 4—Efficiency of hydraulic pumps com- 
pared with electric generators 


Minimum for 
ectric generator, 


60 


Fig. 5—Comparative speed and load charac- 
teristics of hydraulic pumps and electric 
generators for continuous and short duty 




















conditions. Accessory system can be divided into three Sections; 
eration, distributien and utilization. The conventional source of 0 Th 
generation is a pump or generator mounted on and driven by the ma” cing 
engines to convert mechanical energy into hydraulic or ¢e pean 
energy for distribution throughout the airplane. eight 

Distribution is taken care of through a network of wiring for ¢ 
trical operation, or of pipe and tubing for hydraulic, Utilization 
vices apply the accessory power to perform given tasks at eh: 
points within the airplane. These devices’ may be lighting, raj 
motors, solenoids, linear actuators, heating or other special unit, “ “a 

An indirect problem in the accessory system consists of confi 
Control is important to all three of the main phases, generation, 4 
tribution and utilization, and may be counted a part of each. Wal 
regard to the source of power, it is necessary to control the press 
(voltage) and sometimes the current flow. Within the distribution 
tem it is necessary to protect the wiring or tubing against accide 
and gunfire. These protective devices can properly be termed Th 
trol. In devices such as motors and hydraulic pistons it is often pefeliabil 
essary to add control in order to limit the movement of the device. 

There are at least five methods of providing power for an acg 
sory system. These are: 


peratio 
viron! 


onme 

Electric ame 

Hydraulic anspor 

Pneumatic inclu 

Mechanical 1 Alt 

Chemical. 2 His 

Of these, the first two have the widest application and will be dg> 
cussed later in more detail. 4, Vib 
Pneumatic systems have not been exploited to the fullest possih ; nd 
advantage. They have potential characteristics which are not yet: 6 = 
preciated, but are somewhat handicapped during performance §; 4, 
high altitude. The mechanical accessory system consists of a sim ges 
mechanical coupling from the main engine to the driven device. It8s py 


limited to short distances or to small powers. Again, this type§ ty 


power has found little application in aircraft. 


Chemical systems are useful for special and limited. applicatio Anoth 
For example, the “shotgun” engine starter could be considered K of 
chemical accessory since energy stored in gunpowder was used arly 
start the main engine. In another sense the lead-acid storage batteg’™ th 
might be considered a form of chemical energy; but it is so closely em of 
sociated with the electrical system that it is better to consider it ag" * 
electrical accessory. he _ 

peratio 
bn 
Fields of Electric and Hydraulic Auxiliaries The t 
iS inste 


Generally known applications are confined to electrical and hitthese sh 
draulic installations. It has been common practice to utilize electtiGfhainten 
devices for continuous-duty applications such as radio, lighting, hedinent w. 

ers, and motors. The electrical solution hMfinble, 









also been used for many applications for whi The 
a solenoid is well suited. Hydraulic devifipratio 
have been generally applied to intermitte™tysica) 







tion 


duty applications such as retraction of Janain 
bvious 


. . 0 
gear and operation of wing flaps and bom 










bay doors. Similarly, hydraulic designs “imilar ¢ 
used almost exclusively in wheel brakes.  BBetural 
FW me 

Fif 

Fig. 6—Left—Emergency operation of HS are 
draulic units may be obtained with a man wha 


pump of this type should the main source @ 
power fail from any cause 









OOTY | 





Oss 
MAcHINE DesicN—Jun®, I 








Ons: 


a 





The overall objective of both hydraulic and electrical engineers 
ing with the aeronautical engineer is to produce the best possible 


y the m, é ane. Minimum weight is the primary objective and in most cases 
- Ceci cht will be the determining factor. This is fitting because all 

Z s of the plane’s performance will depend upon weight. This 
; ras pplies to its cruising speed, its landing speed, its range and its eco- 
zation 4 


earning capacity. Weight should not be considered as only the 


at Tem sight of the equipment. It should include the installation weight 


NG, Tali) the weight of fuel consumed during a normal mission. Many 
= signers are prone to forget this latter item, and yet in long-range 
of cont mes the amount of fuel consumed by operation of accessories can 
re wsily equal the fixed weight. 

le Dressy 

ution @ Reliability of Operation 

- accide 

rmed cf The second objective, equal in importance to weight, is reliability. 
often ndfeliability must be provided under all of the various conditions of 
Jevice. Iperation which may be encountered. These conditions are due to 
an ace@fpvironment, to personnel and to the mission of the airplane. En- 


oment alone includes several special conditions which are more 
neme than those encountered by equipment for any other type of 





ausportation. There are at least eight special conditions that may 


» included under environment: 


|, Altitude to 50,000 feet 
2, High temperature to 165 degrees Fahr. 
ll be dj 3: Low temperature to —60 degrees Fahr. 
4, Vibration at accelerations of 10g between limits of 
10 and 2000 cycles per second 
5. Sand and dust 
6. Salt-laden atmospheres 
1. Humidity to 95 per cent relative humidity at 120 
degrees Fahr. 
ice. Ith § Fungus—this includes adequate exposure to all 
S type types of fungi encountered anywhere in the world. 


st possil 
ot yet 2 
mance 
a simp 


lication Another aspect of the problem of reliability is the 
sidered #* Of Operation by unskilled personnel. This is par- 
. used @cularly true in military service, and is partly true in 
e battey’® the most carefully supervised operations if the 
Josely age™ of equipment is new and unfamiliar. Still an- 
rit ast aspect of reliability pertains to military equip- 
hent only and concerns its ability to withstand combat 
perations. This might be described as invulnerability 
gunfire and will be discussed more fully later. 
The third objective of an accessory system concerns 
S installation, inspection and maintenance. All of 
| and ese should be simple in order to lower production and 
electri¢fhaintenance costs. A long trouble-free life of equip- 


ng, we without necessity for any inspection is most de- 
ution } ble. 

whid oy ae p +5 
€ a The fourth objective required of the accessory system is its ease of 
C pation. The accessory should be operable with a minimum of 


srmi al i + q 
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‘ical effort. This is particularly true in aircraft designed for op- 
“ton at very high altitude. The method of operation should be 
PB i and natural. Further, there should be no confusion between 
mat controls. Operation of any accessory should be effortless and 
’ tal so that it is almost instinctive. In an emergency, aircraft 
fWmembers do not have much chance to stop and think. 
Fifth objective is invulnerability. Vulnerability during combat 
of ig already been mentioned, but it should be expanded to include 
7 ma me than aerial combat. Damage resulting from antiaircraft fire or 
source*E* IS more important since the projectiles are larger. Also, the ac- 
¥ system should be invulnerable to that greatest internal enemy 





Fig. 7—Above—Weight 
of lines to transmit 
power electrically and 
hydraulically for a dis- 
tance of fifty feet 


Fig. 8—Right—Pressure 
losses due to friction in 
hydraulic fittings and 
conventional types of 
flow valves 


Fig. 9—Below—Maxi- 

mum weight of direct- 

current continuous - 
duty electric motors 




















—fire. The system should be designed to 
withstand fire as long as possible in order 
that it may continue to function after the ™ 
fire has been extinguished or so it may func- 
tion long enough to permit the crew to 
escape. 

As a final objective, the accessory system 
must be suitably protected. This includes 
protection to power bus and feeder network 
to maintain continuity of service. It in- 


Fig. 


cludes the protection of individual circuits 
and internal protection of equipment items, 
so that a fault in one item will not interfere 
with: proper operation of another. 


; Requirements 


Requirements for a given accessory are 
defined by the work which is to be done and 
the environment in which it is to operate. 
The work to be done usually can be calcu- 
lated with a fair degree of accuracy. Air- 
craft engineers are prone to underestimate 
the duty cycle and to calculate performance 
on the basis of practical and reasonable operations. 


11—Right—Mini- 
mum values of effici- 
ency for aircraft direct- 
current motors 


inches in diameter and 14 inches long. Ajj Standard « pation 
erators will fit within this space. The relation of senenl 

weight to output power is shown by the Curves of Fi et Is 
Efficiency of the generator is shown by Fig. 4 and cha pble t 
teristics with regard to speed, voltage and load are agp"™™ 
by Fig. 5. pssibl 
Generators are rated at minimum speed aiid are abl Fig. € 
deliver their rating continuously at this minimum of? 
If the generator is operated at a slightly higher sya” ™ 
has considerable overload ability which is limited } pshon 
ever, by its thermal capacity. This overload charac h the 

is indicated in Fig. 5. Controls for a generator cons 
reg 

5. 


Fig. 10 — Above — Air- 
craft motor with built- 
reduction gearing 
and control elements 


(per cent) 


Efficiency 


Fig. 12—-Right—Speed- 
load characteristics of 
direct-current motors 


Oftentimes al- 


lowance has not been made for training or emergency operations. For 
example, a long-range bombardment airplane will normally make take- 


offs. and landings at long intervals. 


tions this may be done at intervals of as little as ten minutes. 


However, during training opera- 


The 


Load. (per cent of rated 


landing-gear retraction mechanism therefore must be designed for a 


short period rather than the tactical operation period. 

The environment under which the accessory must op- 
erate has already been discussed insofar as climatic con- 
ditions are concerned. The electrical engineer must ob- 
serve additional hazards. For example, the airplane en- 
gine nacelles often are cleaned with gasoline or carbon 
tetrachloride. Electrical equipment located therein must 
be able to resist this type of chemical. Also hydraulic 
fluid which may leak from hydraulic systems tends to cor- 
rode certain types of electrical materials and electrical 
equipment must be able to withstand this chemical action. 


Power Source 


In the electrical system one generator usually is mount- 
ed on each main engine. A typical unit is shown in Fig. 1. 
The allowed space in the engine accessory section is 642 





a voltage regulator and a reverse-current cutout. 
function of the former is obvious while that of the 
current cutout may require explanation. The cutout 
nects the generator to the power line only if voltage 
risen to a safe value, usually 27 volts in a 24-30 volt 
tem. Contrarywise, the cutout disconnects the gene 
from the line when the voltage drops to such a 
reverse current flows from the battery or from 
tors into the generator whose speed is lowered. 
Generators have few operating problems insofar # 
vironmental conditions are concerned. The worst & 
has been vibration since the mounting flange of the a 
units must support a weight of approximately 50 pr 


i 300 i s on 
and a moment of approximately 300 inch-pound 
e vibration can caus 


‘ 


engine accessory section wher 
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standard palions 35 ae aghtonc ba ‘ ' 
%. the hydraulic system the corresponding source of 
| OF gener te the hydraulic pump. The pumps directly com- 
'es of Fig if » to the generator are the engine-driven units such 
in Fig. 2. However, for emergency operation it 
© ible to provide a manually operated unit as shown 
Fig. 6 which can take the place of the engine-driven 
Bop and accomplish the same work but in a greater time. 
he weight vs. power ratio for the hydraulic pump is 
a ted | ) shown in Fig. 3 in order to give a direct comparison 
h "Sy the electric generator. Efficiency of hydraulic pumps 
Winer: in Fig. 4. Characteristics of hydraulic pumps 


tor consi : 
= regard to speed, pressure and load are shown in 


~ 


5. 
Pontrols for the hydraulic system are similar in function 


those already mentioned for the electrical system. A 
sure relief valve can serve as a pressure regulator and 


luck valve as the reverse-flow cutout. With regard to 


jonment the hydraulic pump has little difficulty with 


TABLE [I 


Data on Aircraft Wire 


Outside Weight 
Diameter per foot 
(inch) (pounds) 

.040 .006 
.050 .009 
.061 .012 
.076 .018 
.096 .027 
.122 .043 
.167 .067 
.218 .100 
.272 155 
.345 .250 
482 885 
.490 A75 


Continuous 
Rating 
(amperes) 


130 
185 
220 


Fig. 13—Left—Sole- 

noid unit is suitable 

where actuating 

stroke is less than 
one inch 


Fig. 14 — Below — 
Electrically con- 
trolled power pack- 
age for remote hy- 
draulic operation 
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all aspects except low temperature. Once the engine is 
started and the hydraulic fluid is warmed this difficulty 
disappears. 

To summarize the differences between the two power 
sources, it is obvious that the hydraulic generator has a 
considerable weight advantage over the electrical. The 
operating range of the hydraulic pump is much wider than 
that of the generator since the latter must be brought to a 
minimum speed before it will deliver rated voltage. Inso- 
far as environment is concerned the generator design to 
withstand vibration is a more severe problem than the cor- 
responding one for hydraulic pumps. Otherwise the en- 
vironment advantage lies with the generator since there is 


TABLE II 


Data on Typical Hydraulic Tubing for Pressure 
Of 3000 Pounds Per Square Inch 
Steel 

Wall Weight 
(inch) (Ib per ft) 
.028 .071 
028 107 
.035 .179 
.035 .227 
035 270 
049 502 
.058 .750 


—aAluminum Alloy—— 
Wall Weight 
(inch) (Ib per ft) 
.028 .025 
.028 .037 
.085 .062 
.035 .078 

.049 181 
.058 .205 
.065 .290 


Diameter 
Outside 
(inches) 


no low-temperature limitation. Since the hydraulic pump 
is small the inertia of its parts is small. This may indirect- 
ly benefit the engine and it avoids the necessity for tor- 
sional dampers. 


Distribution System 


Electrical power is distributed throughout the airplane 
by wiring which usually consists of a stranded-copper con- 
ductor enclosed in at least two layers of insulation. The 
limitations of the wiring are due to thermal and voltage 
characteristics. Thermal characteristics are seldom ap- 
proached in a 24-30 volt system because voltage or pres- 
sure regulation is the limiting factor. Voltage limitation 
on even ordinary items has not been approached at this 
time because the 24-30 volt system now in conventional 
use is a small fraction of the voltage limit on any insula- 
tion which will withstand abrasion. Gage sizes and 

weights of normally used wiring are shown by 
TABLE l. 

Relation of weight to power carried and the 
effect of voltage on wire and weight are shown 
in Fig. 7. This chart makes it plain that an in- 
crease in voltage will cause a sharp decrease 
in the weight of wiring. The efficiency of wir- 
ing is measured by the voltage loss. It is con- 
ventional practice to install wiring so that con- 
tinuous-duty loads cause a line loss of 3 per 
cent, giving a distribution efficiency in the 
electrical system of 97 per cent. 

Installation of electrical wiring is relatively 

‘simple and this is a considerable advantage to 
the aircraft manufacturer. It can be installed 
without regard to bends and its flexibility per- 
mits location in rather inaccessible places. The 
electrical system is protected by circuit break- 
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ers or fuses which isolate faults in any part of the system. ‘Hydraulic systems are designed for distribution . 
This protection has been most effective in combat where ciency of 90 per cent and the curves of Fig. 1 thee] F 
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it has been found that it is extremely difficult to destroy weight for this efficiency and also for a transmission -” 
the electrical power source in a four-engine bombardment ciency of 80 per cent. The cause of lowered efficiens wn 
type airplane. pressure losses in the line, in fittings and in bends, 7 ¢ eo 
In the hydraulic system the power is distributed by effects of these various factors on hydraulic lines are gy 

means of tubing which may be aluminum alloy or steel. in Fig. 8, giving pressure loss for control valves, T-fit oh 
Lengths of tubing are coupled by fittings of i':e pressure- ball checks and elbows. a 
nut type. Some sizes of tubing with weights that are com- Installation of the hydraulic system is handicapped i 
monly used are listed in TaBLE II. The weight of the tub- some extent by the desirability of having straight lines yi ms 3 
ing to distribute a given amount of power is shown on as few impediments as possible. Protection of the a #8 
Fig. 7. As in the case of the electrical system an increase _draulic distribution system is provided by means of du. l 
in pressure will cause a reduction in the distribution valves which will detect a loss of pressure within a ses 8 : 
weight. of the line and isolate that section. ond 
Summarizing the two dis “arm 

tion systems, it is evident that; : ial 

electrical system is far ahead off he ef 

hydraulic with regard to weg bat of 


© 
S 


efficiency, simplicity of installati 


: otor 
and maintenance. 


hertia | 
e pul 
| | | | Power Utilization Devices B \fost 
Possible variation rator. 
na Pah Electrical power is utilized in der, | 
variety of devices such as lightit ch an 
radio, heaters, solenoids and g e ele 
tors. The two items which ¢ ghter 
competitive with hydraulic wilhyited { 
are the motor and_ solen 
Weight vs. power characteristics 
a motor are shown in Fig. 9. 
typical motor is shown in Fig. I jp oj 
Relation of efficiency to horsepo@s stor 
er for typical motors is shown Bit) a 
Fig. 11 and relation of motor spetferies 
to voltage and load in Fig. Boy o 
Motors are designed rather close Hounds, 
the design load and _ have litiBent an 
overload capacity. Usually thistle pe 
limited to about 25 per cent @ Due 
load or 125 per cent of rated loaherforn 
A solenoid is a simple devidloward 
Fig. 13, since it consists of a helidherve ¢ 
coil enclosed within a magne@ines a 
nit wi 
Fig. 15 — Left — Characterish rs of 
curves of solenoid operation show Wwat 
See! ee ing performance with respect #uese 


| } weight, gap, time, and voltag " su 
pacity « 
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ibution g ne, a portion of which is movable. Characteristics of the solenoid 
T show Rien in Fig. 15. Since a solenoid is designed for single-stroke 





mission rations it is primarily an intermittent-duty device and efficiency is 
elficier 5 important. 
ends, | The solenoid is limited to a stroke of a fraction of an inch and 
S ae show pest suited to strokes of one-half inch or less. Where a longer actuat- 
’, T-fitingl . stroke is needed the best electrical answer is a motor-driven actua- 
my typical of which is the unit shown in Fig. 16. An actuator is com- 
licapped licated since it consists of a motor, gear reduction, clutch, screw 
it lines wi aft. and protective features such as limit switches and torque release. 
Of the Hii weight vs. power characteristic of electrical actuators is shown in 
nS of chy i 17, Efficiency of actuators using an acme thread is low, often 
in a se sing less than 20 per cent. Recent use of the ball-bearing type of 
ut has increased the overall efticiency to nearly 70 per cent. 
© dist’ § Hydraulic motors are seldom used. They have, however, es- 
nt that cially good weight vs. power characteristics, as shown in Fig. 9. 
— he efficiency of these oo. is pepe gs A per = ae = Sus. 19 —Cocinaaan ol waked 6 acta 
astal at of electric motors of the eee abate 6 rend ae yee using electric or hydraulic power 
ie ctor is well suited to applications requiring low speeds and low 
nertia of moving parts. It has the same characteristics as 
e pump, and this greater range of speed is advantageous. approximately 2 cubic feet which compares with that ot 
levices. B Most commonly used hydraulic device is the linear ac- the lead-acid storage battery for electrical energy. 
ator. This is a simple device since it consists of a cyl- Summarizing this aspect of the accessory system there 
ilized inf der, piston and connecting link. The specific weight of is little advantage to either and it would appear that a 
aS light ich an actuator is plotted in Fig. 17 with similar data on properly designed accessory system can do without storage. 
$ and tlhe electric actuators. Hydraulic actuators are much To summarize this discussion of hydraulic vs. electric, it 
which @chter than the electrical equivalent, being particularly is obvious: that an all-hydraulic system cannot be consid- 
wulic uihited for intermittent duty and linéar actuation. ered because the electrical system is needed for radio and 
Soleno! lighting. Likewise an all-electric system is not possible at 
teristics Power Storage this time because there is no electrical applicator for wheel 
rig. 9. brakes. 
n Fig. If In either system it is often desirable to have some means The best potential advantage of electrical systems is the 
horsepo@f storing energy. In the electrical system this is done possibility of having an all-electric system. The overall 
shown Brith a lead-acid storage battery which is similar to bat- weight of the electrical system compares favorably with 
ess: Peres used in automobiles. The storage of one kilowatt- the hydraulic for even intermittent-duty applications but 
Fig. our of energy in this form costs approximately 100 this is entirely due to the saving in distribution weight. If 
close ounds, Efficiency of batteries is approximately 80 per devices which are now operated hydraulically are added 
ave hi ent and there is a definite temperature limitation to bat- to the electrical system, it is possible to save weight. This 
lly this ery performance. is due to the fact that the critical electric loads do not 
cent WH Due to the high weight of storage batteries and poor occur at take-off and landing where most of the hydraulic 
ated “petormance at low temperatures there is a definite trend devices are used. Therefore, adequate electrical capacity 


e devidloward the use of engine-generator units to supply the re- 
eve electrical power which is needed when main en- 
fines are not operating. A 7%4-kilowatt engine-generator 
init will weigh less than 125 pounds, giving power at a 
sig 40 of 15 pounds per kilowatt instead of 100 pounds per 


acteristi 
ion sho i att-hour as already mentioned for batteries. The en- 
spect #"e-generator unit will not have the same ability to absorb 
_ vollag@ead surges as the battery but the needed additional ca- 
ge tity can be provided in engine-driven generators at less 
ric lined 


tight penalty. 
Stious consideration is being given to higher voltage 
rectrical systems and whether the systems are alternating 
ment or direct current it is planned to discard the stor- 
ie batteries. The electrical system has a great advantage 
the ease with which an external source of power can be 
mnected to the aircraft system while the airplane is on 
Found and at rest. 
In the hydraulic system a corresponding reservoir of 
yf YS provided by pneumatic pressure chambers. Stor- 
sh of .1-kilowatt-hour of energy in this form will cost 250 
“#'"4s in weight. The efficiency of this type of storage 
about 80 per cent. Space for a reservoir will be 






vices 










‘Giine Desicn—June, 1945 


insofar as the generator is concerned is already installed in 
the airplane. The electrical solution then would cause no 
increase in weight of the power source. The saving in dis- 
tribution weight would more than offset the weight 
penalty in devices which utilize power. However, this 
system cannot be considered seriously until there is an 
electrical solution for each accessory problem including 
wheel brakes. 

As a result, a combination of the two systems is the solu- 
tion which is now being utilized by aircraft designers. In 
fact, electrical remote control devices, such as shown in 
Fig. 14, have been used to streamline the hydraulic sys- 
tem, making the latter lighter in weight and more efficient. 
While this may appear to be a disadvantage in that vul- 
nerability of one will affect the other, proper design and 
installation should minimize this objection. 

The competition which has existed in the past between 
electrical and hydraulic engineers is a healthy situation. 
This competition must be kept alive and stimulated in 
order that aircraft designers can have a choice of two 
methods when selecting an accessory. In this way we are 


sure of getting the best possible airplane. 
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PERATOR-COMFORT, with the luxury of 

air conditioning equal to that of a modern of- 

fice, has been built into a novel control cab, below, 
for overhead traveling cranes. Designed by the 
Cleveland Crane & Engineering Co., the cylindrical 
cab has no corners nor blind spots. Transparent 
enclosure panels of Allite are shatterproof and im- 
pervious to certain industrial gases that may be in- 
jurious to glass. Master switches for operation are 
conveniently located, and hoist and trolley switches 
are attached to the right and left arms of the chair. 
Bridge switch is on the floor for control by the right 





foot. There is one definite control job for ead 
hand and foot but none need perform a doubl 
duty for any operation. Adequate sealing a 
insulation in cab assure against excessive lose 

A traveling platform serves both as a vestibul 
to the cab and as a platform for window cleanin 
purposes as shown in the right-hand illustratio 
below. It swings conveniently around the cab, gi 
ing easy and safe access to all exterior windoy 
panels. Safety locks on both platform and ca 
door prevent operation of either except when plo 
form is in proper position. 
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Mechanical interlocks provide a 
mple, positive protection for a rheostat 
pntrol designed by Bell Telephone Lab- 
ratories. This interlocking linkage, 
awn at right, consists of cams on each 
eostat with risers that lock out or re- 
“ict the range of each so that no possible 
»mbination of settings would endanger 
ny one of the rheostats. In this control, 
mch theostat has a different current ca- 
acity and the lowest-valved resistance, 
e last in the chain, has a tapered wind- 
g. With this arrangement, adequate 
djustment is available over the entire 
mge without overheating any of the 
eostats. 





Temperature-responsive variable- 
peed pulley, below, provides a conveni- 
mae nt means whereby a blower fan or a 
monveyor in a furnace may be automati- 
Bully controlled for applications where 
Breed variation up to as much as 70 per 
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May be desirable. Developed by Webster Electric Co., the 
mle-speed unit consists of a charged bellows for the thermal 
#4 stationary sheave and a sliding sheave. Expansion or con- 
lon of the bellows with temperature change causes the sheaves 
=< Or Open, changing the position of the V-belt to a larger or 
t-driving diameter. 

™ emote control of sheave diameter may be effected through 
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an electrical circuit connected to a 
strip heater.in a housing surround- 
ing the bellows thermostat. Initi- 
ating unit for such a control might 
be a thermally operated electric 
switch in a furnace or boiler to 
control air feed or stoker feed ac- 
cording to furnace temperature. 
Also, for use with a compressor, 
the drive may be applied to allow 
the drive motor to start and ar- 
rive at full speed before the vari- 
able unit brings the compressor 
from low speed up to full speed. 
A similarly heated unit is ener- 
gized at the time the motor is 
started. In this case the drive 
does not reach full speed until the 
heating element has extended the 
bellows fully. Time of cycle may 
be controlled by choice of strip 
heater and by voltage impressed 
on the heater. 


Tubular filters, comprising 
multiple fabric tubes without 
ends, collect dust or lint with high 
efficiency. Having a low velocity 
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and a iow ratio of air volume to filter surface area, 
the volume of air drawn through any portion of the 
filter reduces the possibility of minute particles passing 
through and diminishes the static pressure loss asso- 
ciated with impingement of dust on the surface area. 
This unit, shown ot right, has been developed by the 
Dust Filter Co. for industrial applications. Being bot- 
tomless, the tubes allow the dust to fall through to a 
collector pan. 


Electronic sequence timer, so fast and accur- 
ate that it controls the flash exposures of six pho- 
tographs of a .50-caliber bullet while it moves half its 
own length, has been developed by the Air Technical 
Service Command. The timer, shown below, synchron- 
izes six microflash lamps so they may be fired in se- 
quence or simultaneously to study the effects of gun- 
fire through an obstruction, as illustrated, the ruptur- 
ing; of propeller blades or the action of high-speed 
mechanisms. Timer charges a condenser, linearly, 


through a pentode tube to produce a consi 
rate of voltage increase. This voltage, Tiga 
across the condenser, is applied to six amp 
fiers which are set to progressively decreds 
sensitivity, each controlling the firing of alam 
By simple control the timer for six exposij 
can be spaced from .6-second to .0003-secar 
Regardless of the timing between each em 
sure, the lamp flash is approximately 00] 
second. Being electronically controlled, thee 
posure sequence may be triggered by soul 
through a microphone, electrical impil 
through a circuit or light through a phototi 
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y TRENGTH and weight characteristics, fine surface 
finish; close dimensional accuracy, excellent ma- 
“chinability, and heat-treatability of commercial 
M special tubing continue to open new vistas of en- 
eering development. Tubing—seamless or welded 
iets—provides a range of application and useful- 
that covers the entire field of design. Its every-day 
& conduit for fluids, gases, and the like, or as an 
ty machine element, is fast being supplemented 
aM ever-increasing number of unusual mechanical 
‘Stuctural applications. These utilize to a much 
extent the advantages incident to the tubular 
Fsection and some of its special variations. 
# a given weight, a tubular member provides the 
mum in material distribution and strength under 
formal loading conditions. Inherent advantages of 
ub section as a load-resisting, power-transmit- 
pe structural member in machines (Fig. 1), are 
@— right — Low weight and high strength are the 
anding features of this tubular railway axle 
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Fig. 1 — Left — Improved 
lubrication between the 
table and bed is provided 
by this unusual tubular 
milling machine slide-way 
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Fig. 3—Right—Curves for equal 





weight, strength and stiffness, with 
weight and stiffness ratios, for 
tubes and solid rounds 





readily seen when critically con- 
sidered by the designer. In com- 
pression and bending this section 
will have the least weight for a 
given strength and stiffness. Ex- 
perience has shown that structures 
built of such sections tend to ab- 
sorb and localize shock caused by 
abnormal impact, minimizing dam- 
age. Where accurate determination 
of complex imposed stresses is’ ex- 
tremely difficult or impossible, a 
tube most nearly meets the con- 
ditions of an ideal member. Un- 
der dynamic loading, tubing shows 
greater rigidity (with a higher fre- 
quency and smaller amplitude of 
vibration) than any other section, 
including the solid round. 
Indicative of this durability and 
strength under extreme shock load- 
ing is the application of tubular 
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connecting “pins” to the 23-inch 
wide tracks of the new modified 
M-4 series of tanks. These high- 








carbon alloy steel hollow pins 

transmit to the continuous track 

all the power generated by the 
driving engine. Adoption of the new type pins has re- 
duced the normal weight of each track by 530 pounds 
‘even though ground contact area has been increased 50 
per cent over that of the earlier models having 16-inch 
wide tracks. The new wide track aids immeasurably in 
tank travel through difficult conditions of snow, mud or 
sand, permits faster speeds and substantially heavier leads. 
Railway passenger-car axles present another outstand- 
ing development in the field of tubular construction. In- 
vestigation into the design of the original solid type axle 
was necessary in order to find the causes and determine 
cures for fatigue failure resulting from greater speed and 
severity of present-day operating conditions. All too com- 
mon practice in such cases of fatigue failure—increasing 
the size of the part sufficiently to. resist the operating loads 
—would only lead to undesirable excessive weight and 
rigidity under which heavy impact loads would impart 
even greater localized stresses. To absorb the increased 
loading in railway cars, it was imperative to have an axle 
with a minimum of weight as well as a maximum of shock 
resistance. The design shown in Fig. 2 is the result of a 
vast amount of research work and has received the ap- 
proval of the Association of American Railroads. Very 
little change is apparent over the original design. Material, 
.35 per cent carbon steel, remains the same, but an in- 


Fig. 4—Right—Selt-powered rapid-traverse feed screw 
mechanism fora milling head. Numerous tubular members 
are used to advantage in obtaining a compact design 
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of 50 per cent in fatigue strength is achieved by 
yarting a “prestressed” condition to the axle through 
lenching and tempering the outer surface only. Similar 
Sik can be obtained by shot peening or otherwise cold 
Duioc the surface of the tube. A 30 per cent decrease 


‘the weight of this standard “5% by 10” axle is expected 


; in substantial road savings. Experience already 
i shown that in addition to its other advantages this 
Sp axle tends to lower running temperature and journal 


weal considerably. 


TABLE I 


Solid and Hollow Shafts of Equal Strengths 


Weight 
(Ib per ft) 
2.670 


Per Cent 
of Solid 


Per Cent 


Section ” 
of Solid 


Iai of Tube or Solid Modulus 
Jin eter solid 

‘L2  emra6 tube® 1.527 
Rett 387 tube 2'010 
by a 

| diameter solid.... 

9950 by .293 tube..... 

2.12 tube 


Tisoty 765 tube 
Mins by 949 tube. | 


tside diameter of tube by wall thickness. 


Msional capacity. This is only natural when it is recalled 
Mat the outermost material of such a member Bears the 
mint of the applied load, the inner portion doing little 


tore than to increase the weight. Used as torsion mem- 
fers, or as columns, or rotating beams such as rolls or pul- 
ly shafts, the hollow round or tube has the greatest 


strength-to-weight ratio of any _ structural _ section. 

A good overall picture of the advantages of hollow 
power transmission shafting over the more common solid 
type can be gained from the chart in Fig. 3. Readily ap- 
parent is the fact that a tubular shaft with, for instance, 
an I.D./O.D. ratio of .4 will have roughly 99 per cent of 
the torsional stiffness but only 85 per cent of the weight 
of a solid shaft of equal strength. From the chart also can 
be found the proportions of a hollow shafting having 
weight, strength or stiffness equal to those of solid shaft- 
ing. To illustrate further, TaBLe I shows several typical 
examples. Equality of strength in these examples is shown 
by the similarity of calculated section moduli, this function 
in a hollow shaft being proportional to the bending strength 
of round sections having equal permissible fibre stress 
values. The weight relationship is based on one-foot 
lengths of the various sections. 

Fig. 4 is an excellent example of the way in which these 
members lend themselves to the achievement of compact 
self-contained machine units. The rapid-traverse feed 
mechanism shown utilizes a variety of tubular driveshafts 
and housings, enabling a compact design not otherwise 
possible. In most machine units embodying commercial 
tubing, considerable savings are effected in machining 
time owing to the elimination of the slow and costly bor- 
ing operations which would be necessary if solid stock 
were employed. Suitability of tubing for such applica- 
tions is often further enhanced by various possible pre- 
forming operations which may shape the piece more 
nearly to finished dimensions. This allows lighter cuts 
with resultant higher production rates and lower tool costs. 
Designs which require machining of the outside diameter 

















can be gripped true with the bore of the tube to produce 
an accurately balanced concentric part, and vice versa. 
Tolerances for ordinary round cold-drawn seamless and 
cold-rolled welded tube stock are listed in Tase II. These 
figures indicate the general size accuracy of ordinary pro- 
duction-run tubing. Accuracies of individual sizes vary 
with processing, material, diameter, wall thickness, etc. 
Tolerances for squares, ovals and other standard shapes 
are usually about twice the amount shown for rounds. 
TABLE III shows the outside diameter and inside diameter 
size accuracies that can be obtained by centerless-grinding 


TABLE II 
Representative Tolerances for Round Steel Tubing* 


Seamless————_——_ ————— Welded 
Nominal O.D. LD O.D. 

Size Tolerance 
(inches) (inches) 
Plus Minus 

.000 
.000 
.000 


Tolerance 
(inches) 
Plus Minus 


Tolerance 
(inches) 
Plus Minus 


Tolerance 
(inches) 
Plus Minus 
10% of wall 
.000 .005 


Under % 
% to l 
1 twol% 
1% to 2 .000 . 
2 to 2% .000 
3% .000 
oo 


2% to F 
3% to 5% d .000 


.000 
.000 


-000 
.000 
.005 


*Figures shown are indicative only—actual accuracies in production 
vary with processing, materials, diameter, wall thickness, etc. 


or cold-sizing operations under regular production con- 
ditions. To obtain a perfect surface and thoroughly “clean 
up” a tube by grinding, the original outside diameter must 
be at least .0l-inch greater than the specified finished dia- 
meter on small sizes and up to as much as .03-inch greater 
for larger sizes. Thus, if a l-inch diameter plus or minus 
.001-inch ground and polished tube is desired, standard 1- 
inch tubing would not be suitable; special stock .01-inch 
oversize would be required. 

Steel tubing for such machine parts is available in 


Fig. 5—Below—Cutter shaft for a planetary milling 
machine. Air or coolant reaches cutter via tubular shaft 


‘x 











Fig. 6—Above—Ojil under pressure enters the tub 
slide-way as each hole passes the entry port. Oilescqpj 
from these holes supports theftable and flushes bed.w, 


practically all of the common steel analyses—rangy 
from plain carbon steels with carbon contents of .] 
per cent plus frequently required higher manganese mo 
fications, through the intermediate double and triple 
steels, up to the highly alloyed stainless grades. A nota 
grade is SAE 52100, containing 1 per cent carbon and 
per cent chromium, which is widely used in the mam 
facture of antifriction bearing races. In addition to th 
wide chvice of materials, tubing also is available inam 
titude of cross sections, e.g., round, oval, streaming 
square, hexagon and octagon, as well as in various mis 
cellaneous shapes of inner and outer contour. 

In addition to the superiority of the tubular section 
strength and torsional capacity is its performance # 
multipurpose machine member. Unlike any other machiti 
part, this section may be used to convey or hold fluids¢ 
gases and in some cases serve as a conduit for electric 
wiring in the machine in which it is used as a priman 
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nce as 


mach ind 
fluids 0 ig. 7—Above—Pipe bending machine employing tubular 


ame. Weight was reduced 10 and deflection 87 per cent 
over previous designs. Torque capacity was doubled 


prin rn 


iCa 


member. The thread miller shaft design shown in Fig. 
was developed to fulfill such a requirement. Diameter 
vom § cutter shaft was necessarily limited to maintain a 
mp assembly. However, in addition to high strength 
aa ications presented a problem: (1) Either air or 
— had to be introduced to cool and clear the cutter 
mand (2) a hardened 8-inch diameter adapter flange 
ito be used to carry the special variety of milling cut- 
@ecessary. Use of a forging in limited quantities posed 
Cost and hardening problem which could not easily be 
rR The design as illustrated proved an economical 
Re n and was easily produced in the ordinary machine 
After pressing the casehardened flange onto the ma- 
| ied shaft portion, the two were welded into a single 
#8 shown. Final finish grinding of the bearing seats 
MM@apter flange completed the assembly with a mini- 

% material or production problems. 
A radical departure from conventional design is illus- 
by the milling machine slide-way illustrated in Fig. 
In order to cope with the ever-present problem of lub- 
mation and also j improve the machine’s accuracy and align- 
' it, tubular table ways are used on this large milling 
| and literally made to float by hydraulic pressure. 
| Particular design utilizes centerless-ground hardened 
mes fastened to the underside of the table. These 
s slide in mating semicircular bed-ways, and the table 
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is floated by introducing oil into the closed tubes under 
pressure. Fig. 6 is a cross section through the way assembiy 
which shows the pressure inlet and arrangement of drilled 
holes. As these holes move past the pressure inlet in the 
machine bed, oil enters the tubes and the table becomes 
its own oil reservoir. By maintaining a high pressure at 
the inlet, oil escapes in sufficient quantity from the mul- 
tiplicity of holes along the length of the tube to maintain 
continuous support for the massive table. Surface wear is 
negligible since the pressure support of the table obviates 
metal-to-metal contact and the continuous flushing action 
of the lubricant along the bed-ways prevents accumulation 
of foreign matter. A similar application may be found in 
the use of special smooth-surface, cold-drawn square 
tubing for V-ways on a light lathe bed. 


TABLE III 
Centerless-Grinding and Cold-Sizing Tolerances 


for Round Tubing 
—Grinding: 
Outside Diameter 
(inches) 
125 to .500 


‘500 to 1.250 .. 
1.250 to 1.500 





Tolerance 
(inches, plus or minus) 
.0005 
.001 
.001 





Cold-Drawing 





.0025 


1.500 to 2.500 
.004 


2.500 to 3.500 





Cold-Sizing 





Tolerance 


Inside Diameter 
(inches, plus or minus) 


(inches) 
0625 to 3875 .... 
4062 to .875 
.9062 to 1.500 
500 to 2.500 
2.500 to 3.500 


Tubular sections also find wide application in struts 
and framework for machines (Fig. 7). They are employed 
for cylinder liners, push rods, wrist pins and rocker-arm 
swivels in internal combustion engines; for heavy rollers 
in glass-making, paper, textile, and printing machines; as 
frames for fractional-horsepower electric motors; as tele- 
scoping booms and single-element arms on cranes; and 
even as propeller shafts on heavy marine engines. These 
many uses have resulted in new manufacturing and proc- 
essing developments. Beading, swaging, spinning, upset- 
ting, flattening, tapering, and other means for modifying 
tubing (Fig. 8) are now both economical and readily 
available. Methods have been devised for handling a great 
range of tube sizes and shapes to meet new design re- 
quirements. 

Collaboration of the following companies in the preparation 
of this‘ article is acknowledged with much appreciation: Bab- 
cock & Wilcox Co.; Formed Steel Tube Institute; Ingersoll 
Milling Machine Co. (Figs. 1, 4 and 6); Lincoln Electric Co. 
(Fig. 7); National Tube Co.; Pittsburgh Steel Co. (Fig. 2); 
Seamless Steel Tube Institute; Summerill Tubing Co. ( Fig. 8); 
The Timken Roller Bearing Co. 


Fig. 8—Below—Some of the numerous ways in which 
tubing may be modified to suit design requirements 











Anticipator |mproves 


By M. J. Manjoine 


Westinghouse Research Laboratories 


EVELOPMENT of a vacuum-tube thermocouple de- 
vice characterized by its anticipating nature in- 
creases the sensitivity and response of conventional 

temperature controls by a thousand per cent. This in- 
strument consists of two thermocouples of different thermal 
capacity and an electric heating element, all enclosed in 
an evacuated glass envelope, shown in the illustration. 
Heating of the thermocouples therefore is by radiation, 
room temperature effects are minimized and deterioration 
of the elements is prevented. Changes in elec- 
tric furnace temperatures are anticipated and 
corrective steps taken which eliminate almost 
entirely the cyclic swings in temperature char- 
acteristic of most furnace controls. 

As an example of the efficiency of the de- 
vice, a heat-treating furnace varied over a 
range of 50 degrees Fahr. (plus or minus 25 
degrees) prior to supplementing the control 
' with this anticipator. After connecting and 
adjusting the anticipator the variation was 5 
degrees Fahr. (plus or minus 2% degrees). 

When the temperature of a furnace is con- 
trolled by a single thermocouple within the 
heating chamber, the temperature rises sharply 
until it reaches a predetermined point where 
the control operates to disconnect the furnace 
from the power line. Because of the large 
thermal capacity of the heating elements and 
the furnace itself, the temperature continues 
to rise—but less sharply—to a maximum and 
then begins to fall. Ata preset minimum tem- 
perature (which may coincide with the preset maximum), 
the controls again connect the furnace to the line. Here 
again the flywheel effect of the furnace thermal capacity 
causes the temperature to continue to drop until a mini- 
mum is reached at which point the temperature again be- 
gins to rise. The overshooting on the heating and cool- 
ing portions of the control cycle results in a considerable 
range of fluctuation between the high and low tempera- 
tures ‘of the cycle. 

Because of the different characteristics of the thermo- 
couples used, the anticipator reacts to the temperature 
changes quicker than the furnace and initiates the contro! 
operation sooner, minimizing temperature fluctuation. The 
two thermocouples in the instrument and the control 
thermocouple in the furnace are connected in series in such 
a way that the polarity of the couple with less thermal 
capacity is additive and the couple with greater thermal 
capacity is subtractive with respect to the furnace couple. 


116 





Teniperature Contr 


Heating element of the instrument is energized by { 
power source connecting the contro] mechanism an 
lays that operate the main power contactors. Thys { 
furnace and instrument heating elements operate togeth 
The two couples in the instrument are equidistant from} 
heater but the element with the lesser thermal capacity 
acts first to changes in heater element temperature, _ 

When the two couples in the anticipator are at the ss 
temperature, the voltage from the control thermocoupk 
the control mechanism is dependent only on furnace te 
perature. At the time that the control thermocoupk 


stitutes a change in control current, such as Starting { 
heating part of the cycle after having been off, the cha 
is felt first in the two thermocouples in the anticipg 
However, the thermocouple with the lower thermal ¢ 


pacity heats faster than the other and the thermocoup 
voltage at the temperature control mechanism therefore 
increased. This increased voltage causes the controller 
change to cooling, thus preventing the furnace temp 
ture from overshooting the desired maximum. ' 
opposite action takes place and the furnace is in the cot 
ing portion of the cycle, the anticipator thermocoup 
with larger thermal capacity cools more slowly = 
reversed polarity causes the control mechanism 0 chat 
to heating, keeping the furnace temperature from © 
shooting the ininimum limit. A variable resistance ne 
heater circuit of the anticipator provides a means of ct 
trolling the frequency of operation. ee 
Should the line voltage dip (or rise), the ms’ a 
heater reflects this change much quicker than the fum 
heating elements and the control is properly enet 
correct for the power variation before the need is 
nized by the thermocouple in the furnace. 
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Part III—Electrical 


N ALMOST all cases where an individual electric 
drive with speed variation is required there is a 
method which will meet all the requirements sat- 
isactorily. Some, compared with hydraulic and me- 
tianical devices, are simple and inexpensive and, under 
certain conditions, convenient. Others have excellent 
perties as far as range of speed variation and speed 
mlation are concerned but are more complex and 
expensive. 

he main electrical methods of speed control will be 
@xussed in this article with respect to characteristic 
fala, practical range of speed variation, speed-torque 
characteristics, practical number of speed steps, cost, 
werall efficiency and reliability in operation. The 
seed-torque curves and the range of speed variation 
troller § town are average reasonable values, to give the reader 
» tempeig @ indication of results. In any special case, however, 
When tif data should be based on actual motor characteristics. 


ee ls 


ocoup Series Motor with Series Resistance 


to chat Briefly, the working principle of a direct-current 
rom 0 “ties motor with series resistance for speed reduction is 
nce in 4 * follows: Since the field strength of the shunt field is 
ns of CO COnstant, the motor speed is directly proportional to the 
“unter voltage across the armature. By means: of 
nstrume tes resistance this voltage may be reduced from the 
ne fur (Nginal line voltage to a magnitude determined by the 
ergized @ eed reduction required. 
jist] IEE = line voltage, R, = resistance of the motor 
‘mature, — presumable motor current at the reduced 








4 Macuine Desicn—June, 1945 





| Rheostat 


—— =~ 
> 


of roted) 
NS 

H 

7 


Speed (per cent 


Speed 
Reduction 


5 es Minimum Speed - 


Zo 50 4a) /00 
Torque (per cent of rated) 


Fig. 13—Series motor with series resistance schematic dia- 


gram and speed-torque characteristics 


Fig. 14—Wiring diagram and speed-torque characteristics of 
a series motor with series resistance and armature shunt 
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Fig. 15—Characteristic curve and schematic diagram 
for shunt motor with series resistance in armature circuit 


speed (corresponds to the torque required at the reduced 
speed; e.g., for “machine duty” the torque remains con- 
stant and consequently the motor current at the reduced 
speed is the same as at full speed), S,, = normal full speed, 
S, = reduced speed, then the ohmic value of the neces- 
sary series resistance R to obtain a certain speed reduc- 
tion (1—S,/S,) may be found: 


S; 
E-1R,)(1- =) 
( ) we 


Schematic diagram of the series motor with series resist- 
ance control is shown in Fig. 13. The basic characteris- 
tics are tabulated in the following: 

PRACTICAL RANGE OF SPEED REDUCTION: Under rated 
load, 75 per cent. Under fan load, small, impractical. 

CHANGE IN TORQUE WITH THE ADJUSTED SPEED: Remains 
constant. 

CHANGE IN HORSEPOWER WITH THE ADJUSTED SPEED: 
Horsepower varies proportional to speed. 

SPEED-TORQUE CHARACTERISTIC AT FULL AND AT MINI- 
MUM SPEED: Shown in Fig. 13. 

SPEED REGULATION: The adjusted speed is very change- 
able with the load as indicated in Fig. 13 by the dashed 
curve. 

First Cost: Very reasonable. 

PRACTICAL NUMBER OF STEPS: Optional. 
OVERALL EFFICIENCY AT REDUCED SPEEDs: 
tire slip energy being wasted in heat. 
RELIABILITY IN OPERATION: Perfect, practically no wear 
and no care, assuming that provision is made for dissi- 
pation of the heat generated in the resistances. 


Poor, the en- 


Series Motor with Series Resistance and Armature Shunt 


Wiring sketch for a series motor with series resistance 

and armature shunt control is shown in Fig. 14. Charac- 

teristics of the system are: 

PRACTICAL RANGE OF SPEED RepucTIon: Under rated 
torque, 90 per cent. Under fan load, 40 per cent. 






























CHANGE IN TORQUE WITH THE ADJUSTED Spggp: 

increases with increased field current. 
CHANGE IN HORSEPOWER WITH THE ADJUSTED Spp 
Horsepower varies with the speed. 


Tory 4aCTICA 
ERALL 
entire 





LIABIL 
SPEED-TORQUE CHARACTERISTIC AT FULL Anp AT Mull and se 
MUM SPEED: Shown in Fig. 14. 
SPEED REGULATION: Speed regulation is better than yij 
out armature shunt. By an adequate shunt a “constap 
speed” characteristic with a relatively small regulati 
is obtainable. 
First Cost: Reasonable. Awe 
PRACTICAL NUMBER OF STEPs: Optional. shunt 
OVERALL EFFICIENCY AT REDUCED SPEEDs: Poor, the af a 
tire slip energy and the additional current for the fe a 
reinforcement being wasted. me 
oad, 


RELIABILITY IN OPERATION: There is a danger of wy 
heating the field under full load. Care must be ta 
by adequately limiting the additional field current or} 
time duty so that the temperature rise of the field; 
mains below the permissible limit. Because of the wast 
of energy this method is recommended only for inte rod 
mittent duty or for a temporary slowdown. Bi: 





consta 
ANGE 


PEED | 


arm: 
Shunt or Compound Motor with Series Resistance death 


; : Bast C 
Another system of direct-current control is shown i ‘ 
Fig. 15 which employs a shunt or compound motor wit 
series resistance. Its characteristics, corresponding to thos 








; ’ f additi 
discussed for the foregoing devices, are: Lia? 
PRACTICAL RANGE OF SPEED REDUCTION: Under rat with | 


load, 75 per cent. Under fan load, 50 per cent. 

CHANGE IN TORQUE WITH THE ADJUSTED SPEED: Toru Sh 
remains constant. 

CHANGE IN HoRSEPOWER WITH THE ADJUSTED SPEED 
Horsepower varies in proportion with the speed as ind ied 
cated in Fig. 15. 

SPEED-TORQUE CHARACTERISTIC AT FULL AND MINIM i 









SPEED: Shown in Fig. 15. * 
SPEED REGULATION: Very changeable. ba 
First Cost: Reasonable. basic 

lor ri 


Fig. 16—Schematic diagram and characteristic curve for @ incre 
shunt or compound motor with series resistance O%) yop 
armature shunt for speed control volve 
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cricaL NUMBER OF STEPs: Optional. 
RALL EFFICIENCY AT REDUCED SPEEDs: 
itire slip energy is wasted. 

LIABILITY IN OPERATION: The same as for series motor 


D: Tory 


The 


Poor. 
"ED Sp a 


) AT Mill ond series resistance previously discussed. 
' than wit Shunt or Compound Motor with 
+ Constr Series Resistance and Armature Shunt 
regulati 
4 fourth system of direct current speed control utilizes 
shunt or compound motor with series resistance and 
nature shunt as shown in the schematic in Fig. 16. 
“a ®racteristics of this control include: 
or the fe . 
©™@ crcaL RANGE OF SPEED REDUCTION: Under rated 
+ of oad, 80 per cent. Under fan load, 50 per cent. 
or of ved ; 
be 7 4NGE IN TORQUE WITH THE ADJUSTED SPEED: Remains 
constant. 
rent or 
e field ge in HorsEPOWER RATING WITH THE ADJUSTED 
"I speep: Varies with speed. 
the Wasi 
__ feeD-TORQUE CHARACTERISTIC AT FULL AND MINIMUM 
for intey ake ‘ ° : 
Speep: Characteristics are shown in Fig. 16. 
prED REGULATION: Changeable, but less than without 
* amature shunt. By adequate design of the armature 
stance shunt any reasonable regulation is obtainable (8) °. 
fixst Cost: Reasonable. 
shown “ . 
BucricaL NUMBER OF Steps: Optional. 
otor wit - , 
to tho ErFiciENcy: Poor; besides the slip energy the 
; additional shunt current is also wasted. 
Jer rate ABET IN OPERATION: The same as for series motor 
0 ‘J with series resistance and armature shunt. 
Torq ; ; 
Shunt or Compound Motor with Field Control 
> SPEEDE .. es ; 
1 shell High efficiency, excellent regulation and stepless speed 
patrol are obtainable with a fifth system of direct-cur- 
ee iL control which utilizes field'control for speed increase 


shunt or compound motors, Fig. 17. The main features 
e: 


MACTICAL RANGE OF SPEED INCREASE: Under rated load, 
basic to maximum, 1:4. Under fan load, the same as 
orrated load. Whether a shunt motor permits a speed 
inrease by field control and in what range depends 
won the basic speed and the design of the motor in- 
volved. 

NCE IN TORQUE WITH THE ADJUSTED SPEED: 
vafies inversely with speed. 

ace IN HoRSEPOWER RATING WITH THE ADJUSTED 
SPEED: Remains constant. 

wt Cost: The cost of the field rheostat is small, but 
the system requires an oversize and more expensive mo- 
i The horsepower required increases for “machine 
mé in proportion with the speed, for “fan load” with 
of the speed. Due to the fact that the horse- 
rating of the motor remains constant over the 
mole field-control range, the motor has to be selected 
np teh a@ way that it can develop at the basic speed the 
; t horsepower required at the top speed. This re- 
MS in an oversize and more expensive motor. 

> REcuLAtion: Speed is practically constant. The 
Rd regulation should not exceed 7% per cent for 
sizes up to 5 horsepower, 650 rpm and shall not 
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‘Numbers tefer to references at end of article. 
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Fig. 17—Shunt motor with field control schematic and 
its speed-torque characteristics 


exceed 5 per cent for larger sizes (9). 

SPEED-TORQUE CHARACTERISTIC AT Basic AND MAXIMUM 
SpEEDs: Fig. 17 shows characteristics. 

PracticAL NuMBER OF Steps: Gradual, infinite number 
of steps by using slide-wire rheostats. 

OverALL Erriciency: Excellent; practically no waste of 
power. 

RELIABILITY IN OPERATION: Assuming the selected mo- 
tor is fit forthe required speed increase by field control, 
this system has convenient features. It offers remark- 
able safety in operation, no wear, no care and no heat 
to be dissipated, high efficiency, an excellent regulation 
and a smooth and stepless speed control. 


Induction Motor with Primary Resistances 


It is possible to obtain a small speed reduction with a 
squirrel-cage motor by inserting resistance in the primary 
circuit, although this method is limited by two facts: First, 
the motor torques—rated running torque and break-down 
torque—are unfavorably affected by the resistance in the 
primary. Second, the speed will vary excessively with 
changes in load. Because of these inconvenient features 
this method is seldom used and then only for slight speed 
adjustment rather than for speed control. 


Squirrel-Cage Induction Multispeed Motor 
As is commonly known the synchronous speed of an in- 


duction motor is proportional to the frequency and in- 
versely proportional to the number of poles. The revolu- 
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tions per minute of such a motor can be changed in two There are numerous machines which require more feds 1° 
ways: By changing the number of poles, or by changing _ one, two, three, or four speeds, but do not require a Load s 
the frequency. There are two methods of changing the speed change with numerous steps. For these drive the S] 
number of poles: multispeed squirrel-cage motor is convenient because ogee? s| 
simplicity, ruggedness and safety. Characteristics are rotor 
anit: Sole elie’. SPEED REGULATION: Fairly constant speed. The gaper the 
2. The arranging of two separate normal windings or of two the same as with any normal squirrel-cage motor, fp the ¢ 
separate reconnected windings. First Cost: The motor is bigger in size than the noggtcTiCA! 
high-speed motor, increasing the cost. pad, 71 
OVERALL EFFICIENCY: Good, no waste of power. pads a 
RELIABILITY IN OPERATION: Excellent, but should be pie 1 
only in cases where the limited number of speed § juction 


1. The arranging of one reconnected winding, the conse- 


The characteristics and obtainable speed steps are 
shown in the following table. 











Number of Speed Range* , , ; 
‘ and the lack of a gradual speed chan ANGE 1 
System Speeds (min/max) 8 P ge does not mg 
Single reconnected orque 
winding 2 1:2 : ° ° ANCE 
Sis temnede Induction Motor with Variable Frequency and Volt a 
windings 2 Any two synchronous speeds ; SPEED: 
Two separate With an induction motor any desired speed is ohip?®*: 
reconnected Any two synchronous speeds : : DSS ellos ; “p-TO 
ehidines aie iia tallies able by a proportional variation of voltage and frequel™ 





Sleciaiieies of the power supply. This method is expensive, [(p?==2' 
_ ®The basic speed can only be a synchronous one, correspond- " teltctdea wenteliie.t FED 
ing to the frequency of the alternating current. quires an Individual variable-trequency power supply 

is used only in a few special cases; for instance, for a dashed 


SPEED-TORQUE AND Horsepower CHARACTERISTICS: Any ™0n speed control for a set of roller drives for rm" “ 
of these winding arrangements can be laid out for three tables in steel mills. Because of its limited use, this sys ACTICA 


different speed-torque characteristics: will not be treated in detail. "3 . 
usin 





1. Constant torque; for conveyors, reciprocating pumps, Wound Rotor Induction Motor, Armatufe Resistaned one by 
compressors, stokers and the like, horsepower rating sity fo 


changes proportionally with the speed. 









2. Variable torque; the developed torque increases in direci The speed of a wound-rotor motor can be cha’ 

3 ne _ through a wide range by resistances in the secondary je™™ 
proportion with the speed, horsepower output changes : : : "operat 
with the square of the speed. For fans, blowers, centrif- cuit, Fig. 18. The ohmic value of the ages a chit 

ugal pumps and propellers ance required for obtaining a certain speed reduction q?™** 

: ERAL] 

3. Constant horsepower; for loads where it is desirable to be found as follows: luctic 
have a higher torque at lower speed, as on some machine Be 
tools and winches. S, Li 

’ Ei( 1- S pensi\ 
For a given top horsepower rating at highest speed and mae “— speed 

a given speed-torque combination, the physical size of is loads 
the multispeed motor is highly different for the foregoing where R = ohm resistance, required in each rotor pha of no 
three torque characteristics, the constant-horsepower mo- § — full-rated, full-load speed; S, — reduced speed} ‘se ¢ 
tor being the largest and the variable-torque motor the the st 
smallest. This factor is important in thegproper motor conve 
selection. Fig. 18—Speed-torque curves and schematic diagram torqui 
= wound-rotor induction motor, resistances in rotor cir tively 
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re more ged; 1-S,/Sn = _ Per cent speed reduction; ie. for a 
tire a onload speed of 1750 rpm and a desired speed of 800 
se drives the speed-reduction is 54% per cent; E = rotor volts, 
ecause preen Slip rings at standstill, with the rotor circuit open; 
stics are rotor current in one slip ring at the reduced speed 
The ' the actual load (rotor current changes proportional 
h the torque required ). 

cnicAL RANGE OF SPEED REDUCTION: At machine 
nd, 70 per cent. At fan load, 50 per cent. At fan 
wer, ads and widely reduced speed, it is practical to open 
uld be ppne rotor lead. By this method an additional speed re- 
speed qpuction is obtainable without extra cost. 

NCE IN TORQUE WITH THE ADJUSTED SPEED: 


notor, 
n the no 


Rated 


5 not ma 
que can be assumed constant over the whole range. 
nd VolggACE IN HorsEPOWER RATING WITH THE ADJUSTED 
sep: Horsepower decreases in proportion to the 
d is ODI speed. 


d freque mp-TORQUE CHARACTERISTICS AT FULL AND MINIMUM 

Kpeep: Shown in Fig. 18. 

supply 2 RecuLaTIon: Changeable, as indicated by the 

for a qgitshed curve in Fig. 18. 

for rst Cost: Reasonable. 

this yqeeticaL NuMBER OF Steps: Optional. With a given 
" Iuumber of taps the number of steps can be increased by 

wing the taps on the three resistor phases alternately, 

me by one and not simultaneously. There is no neces- 

sity for having all three resistor phases equal. An in- 

gmmetry in the secondary does not show up in the 

primary at all and does not interfere with good motor 

eration as long as the current in the remaining rotor 

phases does not exceed the rated value. 

ERALL EFFICIENCY: Poor for wide range of speed re- 

duction; the slip energy is wasted. 

LIABILITY IN OPERATION: This method is simple, inex- 

pensive and safe in operation. It is recommended for 


sive, It 


esistancd 


ye chan} 
ondary 
sary Te 
uction 


speed reduction not exceeding 70 per cent, for constant 
loads or where the poor regulation at lower speeds is 
stor phgof no importance or even might be desirable, as in the 


1 speed 


case of a flywheel arrangement. It may be recalled that 
the starting properties of this motor: type are also very 
: ‘nvenient. With proper motor resistances a starting 
rose torque as high as 300 per cent is obtainable with a rela- 
_[ Wvely low starting current. 













Alternating-Current Brush-Shifting Motors 





4 
pee alternating-current brush-shifting commutator mo- 
Mm its essential parts a wound-rotor induction motor, 
@ its primary winding on the rotor and its secondary 
@ stator. In addition the rotor has an “adjusting- 
Ng , similar to a direct-current armature winding, 
‘is connected to a commutator. The motor is pro- 
with two brush-holder yokes. One end of each phase 
Sator-winding (secondary) is connected to brushes 
}yoke and the opposite end of each phase to the 
on the other yoke. The voltage generated in the 
ung winding is superimposed on the secondary wind- 
Mhange in speed is obtained simply by shifting the 
; bider-yokes one against the other, both ways. When 
mishes of both yokes are on the same segment, the 
ung winding is, in effect, idle, the secondary winding 
circuited and the motor runs as an induction motor, 
eed corresponding to the number of poles and fre- 
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quency of supply. As the brushes are moved apart, a sec- 

tion of the adjusting winding is included in series with the 

secondary winding, thus increasing or decreasing the rotor 
volts and thereby causing the motor to change its speed. 

Shifting the brushes in one direction raises the speed and 

moving them in the other direction reduces the speed. The 

motor operates both above and below the synchronous 
speed. 
The main characteristics of this motor are: 

PRACTICAL RANGE OF SPEED CHANGE: For both fan and 
machine loads, 1:4. Normally the basic (synchronous ) 
speed is somewhere in the middle of the speed-range; 

" e.g., a six-pole motor having a synchronous speed of 
1200 rpm can be provided for a speed range of 440- 
1760 rpm by brush-shifting. 

CHANGE IN TORQUE WITH THE SPEED: 
constant. 

CHANGE IN HORSEPOWER WITH THE SPEED: 
varies in direct proportion with the speed. 

SPEED REGULATION: Adjusted speed remains practically 
constant. Slip is at top speed about 5-10 per cent and at 
lowest speed about 15-30 per cent. 

CoMMERCIAL S1zEs AVAILABLE: 3 horsepower to 50 horse- 
power. Larger ratings or greater speed ranges than 1:4 
with external ventilation are also available. 

First Cost: Somewhat more expensive than multispeed 
squirrel-cage motors but less costly than direct-current 
variable-voltage control. 

PractTicaAL NuMBER OF STEps: Infinite number of steps. 

OvERALL EFFICIENCY: High, compared with wound rotor 
or variable voltage system. 

RELIABILITY IN OPERATION: A properly designed motor 
operates without arcing. Nevertheless brushes and com- 
mutator require inspection and maintenance. For im- 
portant drives which must never fail, full reserve on 
stock is necessary because in case of an emergency a re- 
placement of such a special motor is not readily obtain- 


able. 


Torque remains 


Horsepower 


A-C Series or Universal Motor with 
Series Resistance and Armature Shunt 


For small appliances with power requirements of only 
fractional horsepower, alternating-current series and uni- 
versal motors offer satisfactory speed variation. There are 
the same arrangements available as with direct-current 
series motor systems previously discussed, using series re- 
sistances alone or series resistances together with an arma- 
ture shunt. The speed-torque characteristics at full motor 
speed and at the reduced speeds are similar to those in 
Figs. 13 and 14 for the direct-current series motor. Com- 
pared with the direct-current motor the efficiency and re- 
liability of a speed control with an alternating-current 
series motor can be improved by reducing the voltage with 
a continuously adjustable autotransformer instead of series 
resistances. The alternating-current series motors are reg- 


ularly built in sizes from 1/150-horsepower to about %- 
horsepower, with rated speeds from 1500 to 15,000 revo- 
lutions per minute. 

A special feature of these motors is that the speed is not 
confined to synchronous speeds given by the frequency. 
These motors can be built practically for any basic speed, 
and relatively easily for extremely high speeds up to 15,- 
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Fig. 19—Variable-voltage control with shunt motor 


000 revolutions per minute or more. 

For satisfactory service, brushes and commutators of 
these alternating-current series motors require permanent 
care and maintenance because all of them are arcing, the 
compensated ones less, the noncompensated more. For 
these reasons the motors should be accessible and can be 
recommended only for intermittent duty and light service. 


Conventional Variable-Voltage Control 


The conventional form of variable-voltage system shown 
in Fig. 19 utilizes a direct-current shunt motor whose field 
is separately excited from a constant direct-current source 
and whose armature is connected across the armature of a 
direct-current shunt generator, excited also separately from 
the constant direct-current source. The generator is driven 


Fig. 20—Speed-torque characteristics of conventional 
variable-voltage control and field control 











by any kind of constant-speed motor, alternating-cyp 
squirrel-cage or synchronous motor, or diese] or the | 
The direct-current motor is speed controlled simply by , 
trolling the armature voltage of the generator by mean 
a field rheostat in the generator-field circuit, The p 
ciples of this system and the natural limitations are { 
cussed in the following: 


1. Motor speed is proportional to the counter electromp: 

force (cemf) of the motor armature 

2. Counter electromotive force of the motor armatyp 

equal to the generator armature voltage minus IR dy 
across the armatures of generator and motor 

- Motor speed is proportional to the generator—arm, 

voltage minus IR drop across the armatures, These rd 

tions determine the limits of the simple variable-voli 

system. 


© 














The limiting factors are the following: For low s 
the cemf is also low, but the IR drop remains unchang 
because the armature resistance R is constant, the torque 
constant and, consequently, the armature current | js 
stant. There is a stage reached where the IR drop| 
comes an essential part of the generator voltage and 
speed becomes increasingly changeable with the load, | 
example will illustrate this situation. Assuming a 250 
system, at full rated speed and full rated load torque { 
IR drop across the generator and motor armatures tot 
20 volts. 

This means that if the motor is running with full spq 
and 250 volts the cemf at no load is 250 volts and at f 
load 230 volts. Consequently the speed regulation is 
per cent, a satisfying value. Running the drive witht 
same full-load torque but at a low speed, for example, 0 
tenth of rated speed, the cemf required at full load is} 
volts, the IR drop across armatures at full load unchang 
is 20 volts, the cemf at no load is therefore 43 volts a 
the speed regulation 46 per cent, which makes the ope 
tion for many purposes difficult or even impractical. 

In general it can be assumed that with the variable-vo 
age control the speed can be reduced to % full spet 
(speed regulation approximately 38 per cent) for driv 
where a good speed regulation is essential; where the r ; 
ulation does not matter a reduction to 1/15 full speed 
the practical limit. 

Another factor which limits the speed reduction obtaifl. 
able by the variable-voltage control is the residual TE tor 
netism which does not permit a voltage decrease entitem:: ¢, 
down to zero. In any case, about 10:1 is a practical rang f hick 
for “constant-speed drives” and 15:1 for drives where t co. 
regulation is of minor interest. ose it 

In addition to the speed reduction obtainable by 4), 
able-voltage control, the speed of the shunt motor used Hh ar 
this system can be raised beyond the basic full speed bg si 
field control in a range up to 4:1 and maximum 6:1. hich 
latter ratio is obtainable by selection of a motor having @ leg 
jow basic speed and different special features, to seth loa 
stable operation and good commutation, even with ‘. 
weakened field. Speed variation by field control has ! ore i 
same convenient features as variable-voltage control—# ental 
speed regulation, fine adjustment, no wear and no = ved 
It is therefore suitable as a supplement to the pe" 
voltage control. Assuming a range of 10:1 pene? . 
the simple variable-voltage control and extended 4: r 
(Continued on Page 172) 
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Fig. 1—High-amplification mechanical strain 
gage, shown in place for measuring stress 
concentration at a fillet. This Huggenberger 
Pes 7 Tensometer has one centimeter gage length 
e ope 
cal. 
iable-vo 
full spee 
for driv 


e the re : 

NTIL some years ago, whenever a designer was 
confronted with a problem in stress analysis 

which could not be solved analytically, his easi- 





ae st recourse was to make the part so strong that the 
ae tor of safety protected him against his ignorance. 
seal cil it failed, he made it still stronger. With the advent 
shal high-speed machinery, and particularly of aircraft, 

method began to fail. More and more problems 
i in which the mere addition of material was intol- 


oie ble, and necessity stimulated the development of 
il t methods of stress analysis. The term “stress 
alysis is meant to include not only problems in 
lh it is necessary to find the stress or deflection re- 
ting from a known load, but also problems in which 
ch ti load itself is unknown. 
1 has th It 4s the purpose of the present article to review the 
. "€ important methods now available for the experi- 


\ 
Be 


BE 


\ 
} 


‘ole ’ 

10 os aital solution of stress problems which cannot be ge 
variable ved by analysis alone. In the following are listed aon 
ained b F 


| OR, e 
1 4:1 Mfg. 2—Right—Stresscoat patterns on a flapper valve 
at various stages in the deflection of the tongue 
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the available methods under the headings Mechanical, 
Optical, and Electrical: 


I. Mechanical 
a. Direct measurement 
b. Mechanical extensometer, dial gage, lever system 
c. Scratch gage 
d. Brittle lacquer. 
II. Optical ‘ 
a. Optical extensometer, microscope 
b. Photogrid 
c. Photoelasticity 
d. Moving pictures. 
III. Electrical 
a. Resistance gage 
b. Inductance gage 
c. Capacity gage 
d. Voltage-generation gages 
1. Moving coil in d-c field 
2. Piezo-electric devices 
e. X-ray. 


It would be impossible, within the scope of this article, to 
list all methods, and the intention here is to discuss only 
those which are in general use in engineering laboratories. 

Direct mechanical methods of measurement are, in gen- 
eral, the simplest and should be employed whenever pos- 
sible. If the problem is to measure the deflection of a 
beam under steady load, and it can be done with a yard- 
stick, there is no point in using anything more compli- 
cated. 

Small deflections of the parts of a structure under static 
conditions can best be measured by the well-known dial 
gage, with which deflections as small as .0001-inch can 
be determined with good accuracy. 

For studying stress distribution over the surface of a 
structure subjected to known.loads, it is possible to meas- 
ure the strain, A, over a known gage length, 1, and calcu- 
late the stress, s, from the formula 


=——- XE 
s 1* 


where E is the modulus of elasticity. 

For a more complete study of the two-dimensional 
stress pattern on a surface it is necessary to measure the 
strain in three directions at 60 degrees to each other and 
calculate the stresses according to the formulas of the 
theory of elasticity, which take account of the lateral con- 
traction or Poisson’s effect. 

Mechanical strain gages consist essentially of two sharp 
points or knife edges, one fixed and one movable, and a 


*References in parentheses are listed at end of article. 






Fig. 3—Photoelastic picture of stress in a beam subject gprat 
pure bending. In central portion, bending momen fen 
uniform and stress varies linearly from top to bottom, @nidit 
evidenced by the straight, equally spaced parallel jj 
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mechanical lever system which amplifies the relative) ri 
tion between the gage points and transmits it to the moti 
on 


of a pointer. Fig. 1 shows a Huggenberger Tensomet 
being used to measure the stress concentration in a fik 
Amplification of the Huggenberger Tensometer from 
movable knife edge to the end of the pointer is 1:12) 
This means that very small strains can be detected, but 
also means that the lever system is delicate and the point 
will not hold its position if subjected to vibration or sho 
Other strain gages such as the Berry and the Whittemo 
use a rugged, low-amplification, lever system and then if 
crease the amplification by the use of a conventional d 
gage. 

The. Tuckerman optical strain gage is useful where tif 
utmost in accuracy and sensitivity is required. Amplife 
tion of the strain is obtained optically. On a steel or a 
minum frame are mounted a fixed knife edge and ap... 
ished “lozenge” or mirrored prism. The strain bei 
measured produces rocking of the lozenge, and the deg 
of rocking is measured by an auto-collimator, which if} 
form of measuring microscope. Strains as small as 2x0 
inches can be detected. 


















Where Strain Gages Serve Best 


Study of a complicated stress pattern by means of sai 
gages is a laborious process. Strain gages such as the Hugs 
genberger Tensometer are used principally in cases wie 
the location of the maximum stress is already known, ) 
its magnitude is to be determined. Other methods 
available for obtaining a more general picture of a ste 
pattern. I 

The photogrid method (1), (2)* has been found parti 
ularly useful for the study of large strains in the piast 
range. It consists of measuring the distortion of a # 
lines on the surface of the test piece. The surface of 
metal is suitably prepared and sprayed with a light 24 
tive coating. It is then placed in a printing frame 
master glass negative, exposed, and finally developed : 
dyed. Grids can be made sufficiently rugged to withsi® 
rough handling and drawing operations. After the 0% 5 
has been applied, or the drawing operation perit®™ = 
the distorted grid can be measured by optical pes = 
enlarged photographically. Grids as fine as 100 lines ale 
inch are not too difficult to obtain. choic 

One of the newer and particularly valuable methods st 
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Bing the point of maximum stress on the surface of a 
"Vb ier is the brittle lacquer or “Stresscoat” method, (3), 
HH (5). If used carefully it can also give the magni- 
* the stress at any point, but not with great ac- 

The method consists of coating the test piece 
UB a lacquer which adheres to the surface and becomes 
FAR). when it dries. The lacquer is so chosen that it 
Ai at a value of tensile strain within the elastic limit of 
st piece. As the load is applied, the location of the 
Serack denotes the point of maximum tensile stress. 
‘ude of this stress is found by comparison with a 
tion strip to which a known strain is applied. 
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m subject ' 






- moment ftileness of the lacquer is affected by temperature and 
> bottom, @midity, therefore for accurate work it is important to 
arallel linoc. the correct lacquer for the existing weather condi- 







's. to coat several calibration strips at the same time as 
test piece and to keep them with the test piece during 
whole course of the test. Fig. 2 shows Stresscoat pat- 
























relative m 


the moti son a flapper valve at various loads. 

Tensome 

n in a fille 

er from { Studying Two-Dimensional Stress Patterns 

r is 1:12) 

cted, but Photoelasticity (6), (7) is one of the mos! widely used 
‘the pointthods of studying stress patterns ir two-dimensional 
on or shoggdels, and it has recently been extended by Hetenyi to 


Whittemo field of three-dimensional use, (8). In this method 
nd then ijarized light is passed through a transparent model 
ntional digeferably bakelite) of the structure being studied. The 
t is then passed through another polarizer and an 


| where tipge is thrown on a screen or photographic plate. St®ained 
Amplifielftions of the model retard the light differently from un- 
tee) or 3 
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yethods M4 — Above — 
of a stegtatch extensometer, 
size. Scriber 


ists of silicon car- 
Particles 


sti em- 
face off “cross the target 
a“ P'ght angles to the 
light ~ ton of strain is 
ame Wilh lcined by bending 


the scriber arm 
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et, enlarged. Sev- 
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strained portions and the image contains colored bands, 
each band representing a region of equal shear stress. If 
monochromatic light is used, the stress pattern appears as 
a succession of dark and light bands known as fringes, 
Fig. 3. Magnitude of the stress at any point can be found 
by counting the fringes from some unstressed region of 
the model. 

The photoelastic method as described in the foregoing 
must be used on flat, two-dimensional models because the 
retardation of the light is a function of both the stress and 
the thickness of material through which it passes. It has 
been found, however, that if the model is annealed and 
cooled in the loaded condition, the stress pattern becomes 
frozen into it and remains after removal of the load. Flat 
slices can then be cut from it and examined under polar- 
ized light in the usual way. This is the way three-dimen- 
sional stress distributions are investigated. 

Methods of stress measurement just described are ap- 
plicable principally to cases where known static loads are 
applied to structures and the stresses or deflections are 
measured at easily accessible points. Many cases arise, 
however, in which these conditions are not met. 


Applying Mechanical Gages to Dynamic Conditions 


A few methods of using mechanical gages under dy- 
namic conditions are worthy of note. Moving pictures of 
the structure itself or of an extensometer attached to it are 
often valuable. For extremely rapid motions, cameras are 
available which take up to 8000 frames per second. Some 
mechanical strain gages can be equipped to scribe records 
on a moving chart. In cases where a complete record is 
not required, the chart can be left stationary and the record 
is a single scratch or mark which represents the maximum 
value of strain attained during the time the gage was in 
place. 

A clever refinement of this method is the deForest 
scratch extensometer, Fig. 4. In this device the arm which 
carries the scriber has flexibility in the direction at right 
angles to the gage length. The gage is mounted with the 
scriber arm bent sideways away from the central position, 
where it is held by friction. As strain is applied the spring 
force of the arm, which is greater than the static friction 
but less than the kinetic friction, makes the scriber move 



















sideways across the target. This action spreads the record 
out, although the record obtained, Fig. 5, does not have a 
time axis. 

When a rapidly varying stress is to be measured, or 
when stress is to be measured at a point not accessible dur- 
ing the test, the use of an electric gage is often the best 
solution (9). 

All electric gages consist essentially of two elements: 1. 
A pickup which transforms the mechanical motion into 
electric energy and, 2, an indicator or recorder which 
transforms the electric energy output of the pickup back 
into mechanical motion of a pointer or light beam (or elec- 
tron beam in the case of the cathode ray oscilloscope). The 
pickup can either generate its own electrical output or 
change one of its electrical properties in such a way as to 
vary the current in a separately excited electric circuit. 
Electrical properties of a pickup which can be varied by 
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mechanical action are its resistance, its inductance, or its 
capacity. 

Among the commonly used forms of resistance pickup 
is the slide-wire rheostat. For motions of several inches 
it can be made in the form of a single straight wire with 
a sliding contact. For smaller motions the wire is wrapped 
on a form and the slider moves from one turn to the next. 

One of the first resistance pickups for small motions 
(fractions of a mil to a few mils) was the carbon-pile 
telemeter of McCollum and Peters introduced about 1927 
(10). The resistance element consists of a stack of car- 
bon disks the resistance of which varies with varying pres- 
sure on the stack. Later it was found that a small block 
or strip of carbon cemented to the test piece would change 
its resistance with strain sufficiently to give a signal to a 
sensitive galvanometer or amplifier. 

Most resistance pickups used today are of the bonded 
wire type (11), (12). This type has supplanted the car- 
bon resistor because of its superior stability. It consists of 
several loops of resistance wire, such as Advance or Iso- 
elastic, embedded in a thin strip of insulating material. 
When this strip is cemented to the test piece, the wire 


126 





stretches with the test piece and changes jts resistayeted 
Fig. 6. The resistance change is due partly to dime : 


SiO e to 
changes and partly to change in specific resistance, \fi Cap 
nitude of the electrical signal is small and must be » era 
fied for dynamic tests where records are made on an : # f 


lograph. The gage length used is usually about | jaliden 
but can be made as small as %-inch. » Op) 

An interesting form of the bonded wire gage is the shin | 
rosette. This consists of three or four sets of Wires dgsons 
bedded in the same insulating strip and oriented at 6) Mat the 
45 degrees from each other so that the complete s 
condition at the point of attachment can be detem 
Recently mechanical calculators and electrical nety 
have been devised which automatically calculate the py & 
nitude and direction of the principal stresses from the d oak 
trical output of a strain rosette (13), 14). He PX 

The magnetic strain gage is a pickup which changes 


nteria 


ker 





Fig. 6 — Above — Bonded-wire strain 9q@— 
mounted on a standard test specimen fi 


Fig. 7—Left—Westinghouse. magnetic siti 
gage for three-inch gage length, actual § 





the p 

caps 
inductance when attached to a strained test piece (1 aban 
(16). It is much larger and heavier than the bonded wg ene 
gage, but has the advantage of a higher level of electn chai 
output suitable for the direct operation of meters and Anoth 
corders. No amplifiers are required for either statey® 
dynamic tests. It consists essentially of a coil with am the 
core and an air gap in the magnetic circuit. Strain ration 
measured varies the gap, which in turn varies the indug ud 
ance of the coil. The gage shown in Fig. 7 has two° ibe 
and a movable armature which increases the gap ~ 28 
coil by the same amount that it decreases the gap off on 
other coil. This type of strain gage is particularly The, 
adapted to permanent installations where ruggedness 4 °° P 
stability are more important than lightness of the p : 
An example of this is the measurement of strain in rou 
mill housings, which is employed as an indication 
pressure. 

Another case where the magnetic strain gage WS 1 
was in the measurement of sucker-rod forces in 0° ~ 
pump (17). Fig. 8 shows an oscillogram from ae? w $ 
in which one gage was located 3500 feet below the su le 
of the ground. A low-energy gage would have bees #reasu 
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ed too much by electrical variations in the long leads 
to mechanical disturbance. 
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tance, \™ Capacity pickups have been built but are not in such 
st be amiieral use as resistance or inductance gages. They de- 
on an died for their action on the fact that the capacity of a 
bout | iafiodenser is a function of the spacing of the plates and 
, opposed area. If one plate is attached to each gage 
‘is thegahint the capacity varies with strain. There are two 
if wires desons why capacity gages are not often used. One is 
ted at )fiet the capacity varies with the dielectric constant of the 
nplete sfpterial between the plates, which makes them sensitive 
determin 
‘al netwo . 
ate the mil 8—Below—Oscillogram of oil-well pumping tests 
om the df angle and polished rod motion obtained with slide- 


ye potentiometers; torque and loads at three points on 
ker rod string obtained with magnetic strain gage 


TORQUE 
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netic 


lems. It is necessary to have the strain gage in place dur- 
ing the formation of the stress pattern or to cut the test 
piece, with the gage mounted on it, in such a way as to 
relieve the stress. The only reliable nondestructive method 
is that of X-ray diffraction in which the distortion of the 
crystal lattice is measured (19). 

Many other types of strain gages have been devised, but 
most problems in experimental stress measurement can be 
handled by one of those mentioned here. It is important 
to choose the simplest strain gage that is adequate for the 
job. 

REFERENCES 
1, “Measurement of Strain in the Plastic Range’”—G. A. Brewer, Proc. 


of boc. for Experimental Stress Analysis, Vol. I, No. 2, 1948, Pages 

2. “Photogrid Printing’—K. Cornell, American Photography, Nov., 
1942, Pages 16-17. 

J 

Pou. ROD Motion 






\ 


¢€ 





760-7 








actual 


the presence of dirt and oil. The other reason is that 
capacity of a pickup of reasonable size is generally 


piece (lgpet smaller than that of the electric cable through which 
yonded was energized, hence mechanical disturbance of the cable 
of electri! change the reading. 


ters and 


{nother class of electric pickup is that in which a volt- 


er static’ generated in the pickup by the motion being meas- 
with ani. Such pickups are used principally in the study of 
Strain begeation, impact and force. One of the most important 
the indugups of this type is the velocity-sensitive type in which 
as two of Vibration to be measured is transmitted to a coil which 
gap of es in the field of a permanent magnet. A voltage is 
gap of erated in the coil which is proportional to the velocity 
sularly ¥ the vibration. 
redness The piezo-electric crystal is useful for the measurement 
the pict and acceleration. When a force is applied to a 
nin rolighal of quartz or Rochelle salt a voltage appears across 
tion of MP laces of the crystal. This can be measured with a vac- 
' tube voltmeter. When the crystal is subjected to ac- 
was neeoeerition, the voltage also appears due to the presence of 
an ol required to accelerate the mass of the crystal 
such #4" For-small accelerations an extra mass can be at- 
the sut#f""¢ to the crystal to increase its sensitivity. 
ve bee Pleasurement of residual stress (18) poses special prob- 
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Bellows Assembl 
Fuel Mixture 


By J. A. Bolt 


Bendix Aviation Corp. 


ments for carburetors with automatic 
compensation for changes in altitude have 
led to the present large-scale production of such 
units. This automatic mixture-control unit, as il- 
lustrated by the cross-sectional view, consists of an 
assembly including a hydraulically-formed seam- 
less bellows which changes length with variation 
of carburetor inlet air pressure and temperature. 
This moves a contoured needle which operates in 
a bleed circuit to maintain a desired fuel-air ratio 
under varying carburetor air-pressure and tem- 
perature conditions. 
The carburetor assembly, being rigidly joined 
to the remainder of the engine induction system 
must be able to withstand the severe vibration of 
a high performance aircraft engine. This requirement was 
difficult to meet in a bellows assembly employing a thin- 
walled bellows, one end of which is free to move axially. A 
large amount of development and service experience has 
demonstrated that the oi] charge in the bellows assembly 
plays an important vibration damping function in the unit. 
This is aided by the fact that the inner sleeve which is part 
of the lower end of the bellows has a minimum practical 
clearance with respect to the inside diameter of the bellows. 
Thus oil must be forced through these small clearances 
formed by the convolutions to enable the lower end of the 
bellows to move. The design illustrated has withstood en- 
gine vibration so well that failure of the bellows in service 
is practically unknown. 


M ILITARY and commercial aircraft require- 


Choice of Positions 


In one type of installation the carburetor is placed in 
the induction system on the entry side of one or two stages 
of supercharging. In other cases it is placed between the 
stages; for instance, on the discharge side of a turbocom- 
pressor and on the entry side of an engine-driven com- 
pressor. In the first case the automatic-mixture control 
unit will be subjected to the atmospheric pressures and 
temperatures which may be encountered at any altitude 
from ground level to well in excess of 35,000 feet. In the 
interstage installation compensation is required to pres- 


128 





y Controls 


Aqjusitment Thread 


/nert Oi! 


espa. aoe 


Bellows Assembly 


Plunger 


Fe/t awa 


Formica UN 


Screen 


sures in excess of 40 inches of mercury absolute and 
temperature in excess of 200 degrees Fahr. 

To aid in obtaining close limits of travel in initial ca, 5 
bration, the bellows are purchased with the smallest po,,;, 7 
sible tolerance of spring rate and mean effective area. } 
prevent contamination during the assembly of the bel 
to the end pieces, the parts are carefully washed 
timing. No soldering fluxes are permitted in the® 
where final assembly of tinned parts is made. To fim 
aid in obtaining a precise travel rate of the bellows 
sembly, each unit is charged with a quantity of oil 
nitrogen which will largely offset the effects of slight 
duction differences in characteristics of individual be : 
All of these operations of charging and checking of 
units are done in a temperature-controlled room. ™ 
certain that there are no leaks in the capsules, theit’@ 
all length is measured before and after a thirty-day 
period. Change in length during this period provide 
best evidence of leakage or other trouble. 

From the cross-sectional view it will be noted 
assembly is a complete self-contained unit. This is typ 
of the’construction of the Stromberg injection carl: 
which may be quickly and easily disassembled an 
major subassemblies having distinct functions eo . 
ture. The automatic mixture control unit is one 
subassemblies. It can be completely bench test 
calibrated in the field. 
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Torque-Limit Control 


oe. insures Maximum 
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Performance 


By E. F. Mekelburg 


Industrial Controller Division 
Square D Company 


1 — Feed on this 
em nt loader is con- 
oiled by current-sensitive 

ay to allow maximum 
Gpacity of machine but 
yotect against overload 
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te and 
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ig.2—Current-sensitive relay for instantaneous trip, 
wing a resetting point close to its tripping point 


ORQUE-OVERLOAD protection, also known as 

torque-limit or jam protection, is obtainable by either 

mechanical or electrical means. Each has its advan- 
tages. This article outlines principles and apparatus in- 
volved in the more common types of electrical control and 
discusses a number of applications typical of which are those 
shown in Figs. 1 and 6. 

Mechanical means range from the simple shear-pin to 
spring-loaded clutches of various kinds. Shear-pins are often 
unsatisfactory because of replacement difficulties and possi- 
bility of error due to replacement with wrong material. 
Spring-loaded clutches are commonly used in small machines, 
such as power-driven screw drivers, but are not often em- 
ployed for higher torque applications. 

When electric motor drives, either alternating current or 
direct current, are involved, electrical means can be employed 
usefully to obtain the desired protection. Protection afforded 
is reliable and relatively inexpensive, especially if included 
as an additional feature of automatic motor control equip- 
ment. There is no inherent limit to the magnitude of the 





torque values involved. 
This type of protection is not ordinarily concerned with 
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preventing motor damage due to overheating. Instead it 
is intended to protect the machine or some of its parts, 
such as drive gearing, cutting tools, or the material being 
processed. It may sometimes afford motor protection too, 
but generally reliance on motor-overload protection de- 
vices is better for this function. 

A common method of obtaining torque-limit control is 
based on current-torque characteristics of electric motors. 
Within the useful or stable operating range of motors, the 
load current increases when torque is increased. Thus a 
current value, corresponding to the maximum desired 
torque, may be determined from either motor character- 
istic curves or experiment, according to the nature of the 
problem. When this current is exceeded the torque is 
also excessive. 

Accordingly, a current-responsive relay may be con- 
nected in the motor circuit to effect the desired control. 
This contro] may serve to disconnect the motor to which 
the relay is connected, or to limit the motor torque with- 
out disconnection. Also, signals or warning lights may be 
operated, or control of some other related unit of the ma- 
chine may be effected. 


ene COMpress 


oo 
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Fig. 3—Schematic diagram for a baler having a torque 
limit control for controlling the compression stroke 


Fig. 4—Diagram for baler having a time relay added so 
that operator need not hold compress button depressed 











Current-responsive relays of this type are known yjpelay hi 
ously as instantaneous-trip overload relays, jam relays, PS to 
torque-limit relays. Since it is usually undesirable tp j,jpied i. 
a delayed trip response when current becomes excessiggl? thi 


the instantaneous trip characteristic is important, ye! m4 
term instantaneous trip signifies that there is no Durpogp’s cont 
ly introduced delay, as by dashpot or equivalent megsed @ 


between the time that tripping current value is reachgitch, 
and the actual tripping of the relay contacts. In well dp ace! 
signed relays of this type, moving parts are of light weig is ™ 
so that inertia effects are negligible. Contact tripping | ptacts. 
curs in a few hundredths of a second after reaching ge ™ 


current value. p by-pa 
psequer 
Relay Adjustments Provide for Torque Setting shee 
ss 
An inexpensive type of instantaneous-trip relay is shog sel 
in the cross-sectional drawing, Fig. 2. This relay consi we 
, ie : i 
of a solenoid magnet frame in which is mounted the ser Sa 
on. 


magnet coil. Actuated by the magnetic flux from this « 
a solenoid plunger instantly rises and trips a contact wh ? 


current through the coil reaches a predetermined va” a 
Within a range of current values determined by the ser. 
coil characteristics, the tripping point of the relay Re 
varied by positioning the solenoid plunger with respect “ 
its stem. Lowering the plunger on the stem increases { one 





magnetic air gap, increasing the amount of current 
quired through the coil to effect tripping. Convers 
raising the plunger decreases the magnetic air gap and! 
duces the current required for tripping. 

Relay adjustment for tripping current or “pickup poil 


with any selected coil may be varied over a range of 2 toy 5 
The plunger is provided with calibration markings for cf" © b 
venience in setting. The resetting current value or “drd In t 
out point” of this relay varies with the pickup setting, WF b 
is not independently adjustable. The reset point is #6 ¥ 


proximately 82 per cent of tripping value for altematig* of 
current, and 75 per cent for direct current. At slight mg-cun 


higher cost, this relay may be fitted with a more sensiti sg 
. ip 

contact mechanism which provides resetting at appr oe 

mately 88 per cent of trip point for alternating cure nm 





and 80 per cent for direct current. 


beat 
The effect of motor starting current needs be coms a 
ered in relation to the relay trip setting. Obviously, § ies 


the relay has its coil connected in series with the mo “a 
it is subject to the accelerating current. Either the a 


erating current peaks must be limited to values below # mec! 
relay trip setting, or other means must be employed iy “ 
permit successful starting of the motor. In many inst a 
limiting of current peaks is unnecessary, and other simp wa 
means of starting the motor without interference by t ca 
instantaneous trip relay may be employed. at val 


One method involves short-circuiting the series cal n safe 
the instantaneous trip relay during the starting peri come 
that the starting current is by-passed around the ; 
coil. The relay contacts then do not open during 
starting period, thus permitting successful acceleralql 
This short-circuiting switch requires current carrying ents 


ag circ 
beratic 






pacity adequate for the motor load and, in many instant 4 
may be undesirably large and expensive. py 
In applications wherein the required trip current se ink 
is not too close to the normal running current value, ke 
simpler connection scheme may be used. For this sche 
D 
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y having a “low differential”, i.e., its resetting point 


— » to its tripping point, is required. The relay illus- 


Le Bed in Fig. 2 is of this type. am | 
excesssfflo this scheme, the relay series coil is connected in the 
ant 7a manner to the motor circuit. The relay-trip con- 
) . m connected in the magnetic starter-coil circuit are by- 
nt oa sed during the accelerating period by a pilot contro] 
is reaghitch, which may be the starting button. Thus, during 
1 well dp accelerating period of the motor, the starter-coil cir- 
ht weid is maintained closed despite the opening of the relay 
ipping¢ niacts. When the motor current has dropped to normal 
ching rie the instantaneous-trip-relay contacts reclose, and 

by-pass circuit around them is opened, so that anv 

sequent abnormal current will open the starter-coil cir- 
_ ft and thus disconnect the motor. 
tting Friis scheme eliminates the need for coil short-circuiting 
tacts of heavy capacity, but requires that the resetting 
as: ‘Bat of the relay be from 5 to 15 per cent above the nor- 
'Y Const running current of the motor to insure successful op- 
as “Rion. Thus the closest trip setting that should be at- 
‘< ted with the more sensitive of the relays referred to 
— we, would involve a tripping current point approxi- 
- iy tely 120 per cent of the normal running current. A 
the s ting as close as this may be used successfully only when 
dee! * load fluctuations seldom, if ever, are encountered. 
respect usual values range from 130 per cent upward. It is 
Tease ‘Fiuble always to set the tripping point at the highest 
ra econsistent with the protection required. 
ip and 

Insures Uniformly Dense Product 

up poi. a 
‘of 2 tos Simplified form of torque limit control has been ap- 
s for cat 0 baling presses used for waste paper, rags, cotton, 
or “dq i this application, the torque limiting relays pro- 


ting, the baling machine against excessive stress and, by 
ing uniform bale density, improve the product. The 


int is 4 

Iternati® 8 of the mechanical screw type driven by an alter- 
t slighug-current squirrel-cage motor started across the line. 
, sensitige “mtroller is essentially a reversing across-the-line type 
- apprag® with instantaneous-trip overload relays substituted 
s curre the usual thermal type of overload relay having an in- 

setime element. 

e cons matic diagram for this press is shown in Fig. 3. The 
sly, sit etic contactor C is for connecting the motor to run in 
he mot “Mpressing direction, and contactor R is for the re- 
the aco h direction operation. These contactors include the 
below tf" Mechanical interlock to prevent simultaneous clos- 


ployed limit switches are included for each direction of 
instancg™ 
sr simpy ® ‘Wo instantaneous-trip relays IOL have their series 
e by tected, one in each phase of the motor, to respond 
‘motor load current. They are adjusted to trip at 
os coll ("Values corresponding to the motor torque for max- 
veriod, Safe baling pressure. Their tripping contacts are of 
rhe sé umally-closed type and are connected in the main- 
uring p circuit of the compress contactor C. 
eleratig*"#40n is as follows: When the baler is loaded, the 
rying @* Sutton is pressed and held closed for a few 
instance until the motor has accelerated to approximately 
"eed. During the accelerating period, the motor cur- 
nt sett Peak tips the relays JOL which open the maintain- 
ue, 2 rut of contactor C. However, since the compress 
s scheme is held in, the contactor C remains closed. When 
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Fig. 5—Schematic diagram for cement loader where 
excessive foad on one motor stops another motor until 
load is reduced. Motor then restarts 


Fig. 6—High rate of production is maintained by this 
vertical spindle grinder with automatic dressing of grind- 
ing wheel when wheel cutting efficiency drops 





the motor reaches normal speed, its current has decreased 
to normal and the relays JOL reset, establishing the main- 
taining circuit. At this time the compress button may be 
released without interfering with compression. 

As the baler ram advances and starts compressing its 
load, the motor torque rises along with the baling pres- 




















Fig. 7—Circuit diagram for grinder shown in Fig. 6. When 
relay ISOL closes in response to excessive grinding 
motor current the cycle for dresser-feed starts 


sure. The motor current increases until, at the predeter- 
mined value corresponding to the desired baling pressure, 
the relays OIL trip, opening the circuit of contactor coil 
C, and disconnecting the motor. The limit switch LSC 
included in the compress-contactor circuit serves to pre- 
vent excessive travel on the compression stroke if the bal- 
ing machine is empty. The baler ram is returned to its 
initial position by momentarily pressing the return button. 
At the end of the return stroke, the return limit switch LSR 
disconnects the return contactor, stopping the motor. 

One precaution in applications of this kind should be 
observed. The static friction of the machine drive at the 
end of compression is dependent on compression torque. 
If this is set too high in relation to maximum motor torque 
obtainable for ram return, the machine may lock in the 
compressed position. This will be especially true with 
motors having less locked torque than running torque. 

In the foregoing application, it is necessary for the opera- 
tor to sense when the motor has accelerated sufficiently, 
so that the compress button can be released at the proper 
time. This is not difficult. Two or three trials at the most 
are enough to train an inexperienced operator. Further) 
refinement, however, of the control eliminates even this 
slight degree of skill as a necessity for operation. 

A comparison of the schematic diagram Fig. 4 with Fig. 
3 shows that a timing relay TR has been added. This re- 
lay is of the de!ayed-opening type and has its normally- 
closed control contact connected to by-pass the instantane- 
ous-trip relay contacts. The time delay is set to corre- 
spond with the accelerating time of the motor. Opera- 
tion is as described for the simple baler controller, except 
that the compress pushbutton is depressed momentarily, 


and need not be held down until the motor has comp 
acceleration. Contactor C closes and maintains ; 
through its interlock contact and the timing relay cof , 
TR. Just after acceleration is completed and relays 


. reset, timing relay TR opens its contact so that on the 


occurrence of excessive current, the relays JOL wil 
open the coil circuit of C and disconnect the motor. 

A somewhat similar control arrangement has beep 
ployed in bottling machines for protection of the hp 
and the machines. In this application, a nonreyegl. 
starter drives the conveyor feeding the machine Thea 2 
trol is essentially the same as for the baler except that 
reversing contactor is omitted. If, for some reason, aff 
tle jams in the conveyor or bottling machine, the i 
output of the conveyor motor increases. Respondi 
the increased current, the instantaneous-trip relays ¢ 
the starter magnet-coil circuit to disconnect the » 
When the motor is of suitable rating and the relays 
properly adjusted, bottles are seldom damaged. _ 

An interesting application, wherein excessive { 
load on one motor stops a related motor, is found ing 
tor-operated unloader for handling dry bulk material 
as cement. Fig. 1 shows a machine of this typen 
controller involved is shown in Fig. 5. a 

This machine is propelled by two motor-driven¥ 
The material is gathered by the feeder disk and pig 
by a screw through a flexible tube and pipe in mil 
same manner as fluids might be handled. A portabl 
troller is mounted remotely so that the operator mij 
trol the machine from any convenient point. 

Operation is started by energizing relay CR throw 
mercury switch and the screw start-stop control § 
Relay CR in turn energizes contactor $ which stil 
screw motor across the line. The starting inrush@ 
actuates the instantaneous trip relay ISOL, whose | 
coil is connected to the screw motor. The control 


Fig. 8—Clapper type of direct-current, instantam of 
relay utilizes a series coil to actuate the arma 
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compli <oL immediately opens, interrupting the circuit of con- 
ior F controlling the feed motor. When the screw mo- 
lay om iys accelerated, its current is reduced to normal and 
relays stantaneous trip relay ISOL resets, closing the circuit 
On the entactor F which in turn starts the feed motor. 
L will Ihe operator controls the advance, return, and steering 
* Hie loader by the portable master switch. If the un- 
S been... is crowded too strongly into the material being 
the bid torque required of the screw motor becomes ex- 
ontevel... Its current increases and, at the preset point, the 
wntaneous trip relay ISOL functions to disconnect the 
*Pt thal, motor, relieving the excess load. When the screw 
‘S00, 1. has disposed of the excess material, its current drops 
the tig mal and the relay ISOL resets, restarting the feed. 
ponding. automatic cycle of operation continues intermit- 
relays ql during use of the unloader, insuring operation at 
the m@. um capacity without injury to the machine. 


relays the preceding applications, the instantaneous-trip 


sive { 
nd ing 
teri; 5 


dp 
orta 


or IM 


trol 
‘h sta 
rush 


a 


ntroller diagram for capstan, utilizing relay of 
: 2 prevent development of excessive torque 


$ are adjusted to suit the particular require- 
Wlved. Once properly adjusted, there is no fur- 
Mt such attention. In some instances it may be 
powever, to vary the trip point setting frequently 
ha to changing requirements. For convenience, 
m control may be located at the operator's sta- 
Me instantaneous-trip overload relay is mount- 
pmiroller some distance away. 
ugement of this kind has been employed in the 
Fa large vertical spindle grinder of the kind 
ig. 6. Schematic diagram Fig. 7 shows the 
Viscussion will be confined to the purpose and 
mt the instantaneous-trip overload relay ISOL. 
~ tin a high rate of production for a variety of 
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Fig. 10O—Plugging control relay for direct current having 
two shunt coils with ballast resistors in series 


parts, the grinding wheel is dressed automatically. The 
dressing operation is initiated by the instantaneous-trip re- 
lay ISOL in response to increased torque required of the 
wheel motor, when wheel cutting efficiency drops due to 
worn abrasive and clogging. The point at which best 
efficiency is obtained varies with factors such as charac- 
teristics of the abrasive wheel or part being ground. 

Reference to the diagram, Fig. 7, will show that the in- 
stantaneous-trip relay coil ISOL is connected through a 
current transformer to one motor phase. One end of the 
ISOL coil is connected to a potentiometer which in turn is 
connected in series with the transformer secondary and a 
loading resistor. The trip point of the felay is adjusted by 
turning the potentiometer contact to the desired point, 
The potentiometer dial may be calibrated to indicate the 
tripping current. The range of adjustment between mini- 
mum and maximum trip setting is in the ratio 1:2. 

In this application, the control contact of the instantane- 
ous-trip relay ISOL is connected in the contactor coil cir- 
cuit DF. The relay contact is of the normally-open type, 
and when it closes in response to excess grinding-motor 
current, it starts the dresser-feed cycle. The dresser feeds 
across the grinding wheel face until a limit switch is 
tripped for its return motion and, at the end of the return 
motion, it stops. Thus the grinding-wheel surface is re- 
conditioned for improved efficiency. The relay ISOL is 
located in the controller, while the potentiometer is located 
at the operator’s station. 

Another form of current-sensitive, instantaneous-trip re- 
lay is shown in the drawing, .Fig. 8. This relay is for di- 
rect current only and is of the familiar clapper type, having 
a magnet frame supporting an armature on which the con- 
tact member is mounted. The series coil produces the 
flux for attracting the armature to actuate the contacts. 

Adjustment for the drop-out point, which is, in this 
case, the current value at which the contacts reclose, is 
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effected by varying the tension of a spring. Increasing the 
tension increases the magnetic pull and, consequently, the 
current required to hold the armature from dropping out. 
Adjustment of the pick-up point for opening the contact is 
effected by changing the air gap between the magnet core 
and the armature. 

A relay of this type is employed in the capstan con- 
troller for shipboard use as shown in the schematic dia- 
gram, Fig. 9. A direct current compound-wound motor 
drives the capstan which is controlled by a reversing mag- 
netic controller operated by a suitable master switch. To 
prevent developing excessive torque which might over- 
stress the capstan or endanger the cable, the relay shown 
in Fig. 8 is employed in the capstan controller as a torque- 
limiting or “stepback” relay. This relay SB has its series 
coil connected in the motor armature circuit. Its control 


contact is connected in series with a timing relay coil TR. 

This controller includes time element acceleration in- 
volving the successive closing, in timed sequence, of con- 
tactors 1A, 2A, 3A, 4A and 5A. Adjustment of accelerat- 
ing time and proportioning of the various accelerating re- 





Fig. 11—Reversing controller for small traveling crane 
employs plugging control relays shown in Fig. 10 


sistor sections is such as to limit the accelerating current 
peaks to a unifcrmly low value. The trip point of the 
torque-limiting or stepback relay SB is set slightly higher 
than the normal accelerating current peak, so that the re- 
lay is not actuated in normal operation. 

However, if an excessive torque requirement develops 
due perhaps to yawing of the vessel from the dock when 
the capstan is being used for berthing, the corresponding 
excessive current actuates the stepback relay (this condi- 
tion might occur during motor acceleration, or eration at 
either reduced or full speed). The contact of the step- 
back relay immediately opens the time relay coil circuit TR, 
causing all accelerating contactors to open in rapid suc- 
cession. The opening of these accelerating contactors in- 
creases the resistance in series with the motor armature, 
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thus reducing and limiting the armature current 
ever, since the line contactors do not open, the mom 
mains energized and, even though it may not roty d 
velops a positive safe torque. 3 

When the excess torque requirement has been comm 
the relay SB recloses its contact and energizes the tue 
lay coil TR which initiates timed reacceleration of the ge 
tor. The stepback relay usually is adjusted to drop ¢ 
reclose its contact at some value between 90 per cent 
125 per cent of the normal running current and to # 
open at 175 to 225 per cent of normal running cung 
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Safeguards Traction Motors 


Still another form of torque-limiting control is inyoh 
in traction motor applications. Such motors may dj 
electric trucks or traveling crane bridges or trolleys, 
control not only safeguards the traction gearing and tj 
or wheels against abuse and excessive wear but ; 
renders control of the machine easier for the operator, 

Stopping may be effected by “plugging” the motor, j 
establishing connections for reverse rotation, and thus { 
plying reversed power to bring the motor to a stop wi 
out, of course, actually reversing the direction in wh 
the motor rotates. Stopping torque can be limited t 
value which will not slip the wheels. Smooth, quick 
versal of motion also may be readily obtained when 
type of torque-iimit control is employed. 

Drawing, Fig. 10, shows a form of plugging control 
lay for direct current. This device is of the clapper-t 
design having a magnet frame on which is pivoted a 
net armature which carries the contact member. 1 
shunt coils, each including a “ballast” resistor in se 
actuate the relay. The ballast resistors have zero t§ 
perature coefficient of resistance and are used to red 
the effect of the positive temperature coefficient of res 
ance in the copper-wire shunt coil. An adjusting se A LT 
serves to vary the magnetic air gap so that pick up} tor 
the relay at the correct voltage may be obtained. ha: 

Schematic diagram Fig. 11 shows a reversing contri the lac! 


m 


in which this plugging control relay is used. Two Sf. Base 
controllers are used on a small traveling crane, one for tified. 
bridge and the other for the trolley. The motors are diltRsting a) 


current series-wound type. The two-speed master Wi It is 
permits operation at either high or low speed. The lly the 
trol resistor consists of two sections, R1-R2, short citCUlhmufact, 
by contactor 1A, and R2-R3, short circuited by con adel as th 
2A. High-speed operation includes automatically th. basis 
acceleration by means of the timer 1A in series with the Creat p 
contactor coil. pose 0 












The resistor R1-R2 together with contactor 1A nts of 
plugging control relay PR are the elements involved it Hine dicta 
torque-limiting control. These are additional element thence | 
those normally used for the functions of reversing "ines, Tt 


celeration or speed regulation. viel 
Resistor section R2-R8 is designed for the req 


speed operation. Section R1-R2 provides the n@Bininated 
additional resistance for limiting the motor current Athoug 
torque under plugging conditions. Relay PR contro i out of 
section of resistance through contactor 1A. sreates 

Characteristics of relay PR are due to the voltag® Be stent 


pressed on its two coils. PR1 coil is connected to 
(Concluded on Page 176) 
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Fig. 2 — Below — Cast fan 
shroud for medium tank. 
Simplification and cost re- 
duction resulted from adop- 
tion of casting in preference 


Fig. 1—Left—Comparison of 

successful (upper) and un- 

successful (lower) designs of 
cast tank-bogey lever 













“Widen Scope of 


pper- By G. Vennerholm 
Ford Motor Co. 


ing sc 4 LTHOUGH castings have been used to a considerable extent in the au- 
ick up tomotive and related industries, their adoption for highly stressed_ parts 
; has been rather limited. The reason for this undoubtedly is to be found 
contro the lack of confidence which still surrounds many of the products of the found- 
Two sy. Based on past performance this lack of confidence may, in some cases, be 
ne for Fwified. The uppermost question in the engineer’s mind when thinking of a 


|mproved Processes 


to fabricating 


Ferrous Castings 


are diifsting always appears to be, “How can I know that the darn thing is sound?” 

ter It is unfortunate that the point has not yet been reached where substan- _ 5; 

The @ uly the same mechanical qualities can be obtained irrespective of methods of Fig. 3—Cast recoil cylinder for 

t cuclanufacture, as this would afford engineers much greater freedom in design as 75-mm gum, made of. four ? io 
assembled by butt welding 


coniig % the opportunity to select the process to be used 
ally tina basis of cost alone. 


ith the Creat progress has been made, however, and it is the 
= pose of this article to discuss some of the improve- 
edi fats of the last few years which, although they still are 
ai we distance away from the ultimate goal, will no doubt 
. nce the future of the casting for engineering pur- 


os It will be shown also that, if certain fundamental 
wired mciples are followed when designing parts to be cast, 


ae on difficulties in obtaining sound castings can be 
irreat ild . 
mntrols ‘though malleable and gray iron castings cannot be 


"Out of a discussion of this type, it is believed that 
tage Peatest change has taken place in the steel foundries 
to thea. attention, therefore, will be directed primarily to this 


ion piber Presented at an S.A.E. war materiel meeting held June, 
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type of work. 

Equipment used in melting the materials, in particular 
steel, has not altered to any considerable extent with the 
exception of greater utilization of duplex and triplex sys- 
tems incorporating the bessemer converter in order to fa- 
cilitate meeting the greater tonnage requirements. How- 
ever, as a result of research necessitated by the ever-in- 
creasing requirements in mechanical properties, and of 
the consequently better understanding of the detrimen- 
tal effect of occluded gases, inclusions, and so on, much 
greater care is exercised today in the proper refining of 
the molten metal through control of the boil, recarburiza- 
tion, deoxidation, and slag, thereby greatly improving the 
quality of the steel. 

Increased use of the spectrograph and similar rapid 


18% 
































Fig. 4—Comparison of cast and fabricated housing 
tubes for truck rear axle 


analytical methods allows the foundry metallurgist an 
accurate knowledge of the composition of the molten 
metal at all times, making it possible to manufacture 
to closer limits. New types of hardeners and deoxidizers 
have been developed which aid in the control of harden- 
ability, grain size, and inclusions, thereby helping to make 
better castings. Perhaps the most important gain, how- 
ever, to the user of castings is the greater uniformity 
in the product which has been achieved through these 
developments. 

Efforts of the casting manufacturers to meet the in- 
creased -demands, coupled with the compulsory intro- 
duction of X-ray and other methods of inspection, par- 
ticularly in connecticn with ordnance and aircraft work, 
has led to profitable studies relating to internal stresses, 
mass effects and other factors which have a direct bear- 
ing upon the soundness of the casting. These studies 
have resulted in a better understanding of design factors, 
and many improvements in the methods of gating and 
risering, factors which all greatly affect the quality of 
the casting. Other significant developments have thrown 
new light on the effect of mold gases on castings and, 
as a result have brought forth new mold materials as well 
as improved methods of sand control. 


Shrinkage Cavities and Their Elimination 


Unfortunately, the fact remains that when metals so- 
lidify they contract and, at the same time, the cooling 
starts at the surface and progresses toward the center of 
the object. Unless precautions are taken to supply ad- 
ditional metal in the proper place to offset this condition 
shrinkage cavities will occur. 

Improvements accomplished in the making of the steel 
and in foundry technique have, in addition, been supple- 
mented by the increased use of alloys. Prior to the war 
the majority of cast steels were either plain carbon or of 
relatively low alloy content, mainly of the manganese 


type. Substitution of castings for forgings and fabricated | 


assemblies, however, has led to the adoption of many of 
the forging steels by the foundry industry. In addition, 
copper-bearing and high-carbon steels which, due to their 
limited forgeability found few applications in the wrought 
steel industry, are rapidly becoming important cast steels. 
The general tendency appears to be toward standardiza- 
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Fig. 5—Fabricated axle housing for passenger car Fig. ¢ 
incorporates cast hub and spring perch sa 

tion of cast steels along the lines of the NE stecls, be ic 
it is not unlikely that within a year or so standad 
compositions for cast stecls will be in use. ¢ ca 

Wider application of castings for highly stressed desi 
requiring properties unobtainable through the earlier he ity 
treatments has been made possible through the increas} a ond 
use of liquid quenching. This advancement, although } fies 
no means new in the foundry industry, has brought abog nal di 
a better realization of the importance of the hardenabiliff, oe 
factor as an indicator of how the material will respond ee 
heat treatment. 1. 

Many foundries are today using hardenability tests #3 ;, 
part of their routine, testing. This is, no doubt, a ge@ 
step in the right direction, and follows the trend in Simplif 
rest of the steel industry which now realizes that t vantage 
chemical analysis as an indicator of potential properti 
is of secondary importance. Results obtained in 
foundry industry through the adaptation of these new 
methods are, indeed, encouraging. a 

Specifications for Steel Castings Chas 


It may be of interest to those not familiar with steg 42... 


~ castings to examine some of the specifications which tod 43... 


form the minimum requirements for the products of mag (4 


foundries, Taste I. It will be noted that two values a 
given for elongation and reduction of area. The hig 


t 
certain 


values represent the original specification which had to! * tati 
revised as a result of the curtailment in amount of # wr 5 
tegic alloys allowed for castings. i, iy 
Frequently designs are submitted to the foundry whi mee 
do not lend themselves to the manufacture of 2 sii : of 
factory casting. Many times a relatively small 0 om sho 
tion which will not alter the shape of the part sullicien{iMy won 
to be prohibitive, may change a casting from @ bad _ 
to a good one. «bes 
Much would be gained if the design engineet, : “a 
times, would keep in mind that the ideal casting ¥® In 
where all members of the part increase progress! oR 
thickness to one central location where a riser OF ™ & “an 


can be placed which will supply. the metal hap , 
offset shrinkage. It is fully realized that this is - in 
ways possible, but it should form the basic though 1 ll 
hind any casting design. Frequently it has been " : : 


advantageous to cast the part in sections W: 
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Fig. 6—Rear-axle housing tube for 9-ton armored 
car, composed of steel tubing, a static casting and 
a centrifugal casting 





ks, rn be joined together, rather than to attempt casting in 
nd me piece. The importance of close cooperation between 
¢ engineer, foundryman, and metallurgist not only in 
he design of the casting but also in the selection of the 
I Ne terial cannot be overemphasized. Much time can be 
ercasie ved and many headaches eliminated thereby. 
UH A case illustrating this point is shown in Fig. 1. The 
t 008 isinal design of this simple but highly stressed tank part 
navi not lend itself to the manufacture of a 100 per cent 


ond d casting, with the result that several failures oc- 
med. A slight alteration based on the principle dis- 
ests Gised in the foregoing eliminated the difficulties. This 


a gre 


s shown in the upper part of the illustration. 


te Simplification in design and manufacture is the major 
ue vantage of a casting. Many fabricated structures, 
operti 
ekg TABLE I 
new 
Minimum Physical Requirements for 
High-Strength Steel Castings (QQS-681-B) 
Yield Tensile Elonga- Red. of 
Class Point Strength tion Arca 
pst psi % min % min 
th ste M2... 85,000 105,000 18 40 
15 30 
h tod 3.0.0.0... 100,000 120 000 14 85 
12 80 
of mang 44 b requtrennendes 00 150.000 10 25 
en 
ues certain aircraft castings ...... 180,000 - 
- high 
d to **ssitating the making of a large number of parts which 


of st per have to he assembled, can be changed to a casting, 
mehy saving time, money, and valuable equipment. 
y whid§ Three different castings have been selected which are 
a satigmical of this substitution of castings for fabricated parts. 
come@® 2 shows a fan shroud for a medium tank which nor- 
ficiently would be manufactured by fabricating but which, 
bad ja casting. resulted in considerable simplification of manu- 
etre and reduction in cost. Fig. 3 shows a 75-mm gun 








, at il evlinder which was originally designed as a fabri- 
y ise ish composed of approximately 18 pieces welded 
ively Rv adopting a cast design the part is now 


r feeogele in four pieces assembled through butt welding. 
sired facture of the Ford truck rear-axle housing tube 
Fe in Fig. 4 was greatly simplified by changing to a 
} U a 

n fou Metalhircica] improvements of the last few years, 
ch Mipunled with the foundries’ ability to manufacture sounder 
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Fig. 7-—Cast-steel crankshaft for 600-horsepower 
tank engine. Surfaces are nitrided after machining 


castings, has resulted in the increased utilization of cast- 
ings as integral parts of composite welded structures, Al- 
though not entirely new, this is a departure which allows 
for a much greater field of application and consequent 
greater freedom in design. A contributing factor has 
been the extensive research conducted on welding of cast 
steels which has now eliminated many of the difficulties 
encountered in the past. 

Use of castings as component members of welded as- 
semblies is illustrated in Figs. 5 and 6, showing a rear- 
axle housing for a Ford passenger car, and a housing for 
a 9-ton armored car. 

In addition to demonstrating the utilization of a cast- 
ing in this assembly, Fig. 5 shows an interesting: illustra- 
tion of selective hardening applied to a casting. Prior 
to welding into the assembly this casting is fully hardened 
to meet the necessary requirements and is then induction 
hardened at the hub end to a minimum of 58 rockwell, 
necessitated by the utilization of this hub as part of the 
roller bearing. The casting used in Fig. 6 also is hardened 
locally in the square hole to resist the wear of springs 
seated in this bracket. 


Castings Successfully Replace Forgings 


Critical shortage of forging equipment has necessitated 
the manufacture by casting of certain parts that standard 
practice has decreed to be forgings. It is of interest to 
note that many of these parts have proved highlv suc- 
cessful, and the experience gained will be a valuable aid 
in guiding the selection of manufacturing methods for 
future designs. 

A 600-horsepower tank-engine cast-steel crankshaft 
(Fig. 7) is an interesting illustration of the extent to which 
steel castings have been applied as a result of the emer- 
gency. This has been made possible not only through 
careful selection of material and design but also through 
rigid control of manufacturing procedures and_utiliza- 
tion of X-ray and magnaflux. for the elimination of de- 
fective castings. It may be of interest to point out that 
this crankshaft is surface hardened through nitriding after 
machining. 

To illustrate further the substitution of castings for 
forgings.. attention is directed to the landing-gear shock 
strut, Fig: 8, used on one of our best-known carrier fighter 
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planes. This casting, heat treated to meet a minimum 


of 150,000 pounds per square inch tensile strength, has. 


proved highly satisfactory. 

Recent developments in the malleable industry have 
been directed toward improvements in metallurgical con- 
trol and the effect of various additions. in particular boron 
as a graphitizer, as well as studies relating to the effect 
of occluded gases upon graphitization. In the recently 
accelerated truck program there have been developed 
malleable rear-axle housings of considerably larger size 
than thought possible with this type of material in the 
past. ‘ Pearlitic malleable has found widespread applica- 
tion as a substitute for many small plain carbon steel 
forgings not requiring welding. 


Improving Properties of Cast Iron 


Cast iron has had some difficulty in finding its place 
in the war picture. Recent developments based on the 
inoculation methods, coupled with an increased know]l- 
edge of the effect of pouring temperatures, rate of cool- 
ing, and so on, on structure and properties have resulted 
in irons greatly superior to those of a few years ago. 
Physical properties ranging as high as 60,000 to 80,000 
pounds per square inch tensile strength, with the castings 
still retaining machinability and a certain degree of tough- 
ness, are not unusual today. As a result, many highly 
stressed parts are now manufactured in cast iron, an 
outstanding example of which are crankshafts for large 
diesel engines. 

In predicting the future trend it is believed that the 
following basic factur will receive considerable atten- 


Fig. 8—Left—Land- 
ing-gear shock strut 
for carrier fighter 
plane. Formerly a 
forging, part is now 
a heat-treated steel 
casting 





tion: All steels originally are cast; the difference, there- 
fore, between a casting and a forging is largely due to 
the effect mechanical working has in breaking up the cast 
structure, increasing the density of the material, and 
minimizing the effect of nonmetallic inclusions. 

In order to arrive at equal properties regardless of meth- 
od of manufacture it will, therefore, be necessary to in- 
troduce external or other forces which will reduce grain 
size, minimize the tendency toward shrinkage cavities 
and in general increase the density, thereby simulating 
the effect of mechanical working. Some such methods 
already have found widespread application, others are in 
the development stage and still others are yet unborn. 
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In conclusion, while the progress made is indeed « 
couraging, optimism must be tempered somewhat by t 
knowledge that many unsatisfactory castings, “fyj , 
shrinks, pin holes, cracks, dirt, and what have you", all 
still finding their way to the consumer. The responsibil IC 
for this condition rests with a relatively smal] num 
of foundries, but the effect is felt by the whole industry. 

It is suggested that a way of minimizing this congig, 
is for the engineer and the user first to satisfy themsely 
that the design is sound and then to issue specificatin iy [ 
which definitely clarify the requirements of the partie 
part both as to mechanical properties and soundy 
With the different grades of castings made in most fou) 
ries, some such method is necessary in order that } 
foundryman may direct the proper attention to the pal 
in question and introduce methods of process cont 
which will result in a uniformly satisfactory product, Th 
added assurance of higher quality castings obtained wi 
justify the slight increase in cost that may result. 
















Improving Textbooks on Design 


ITH the object of stimulating the preparation 

textbooks covering engineering design, an aw 
program offering inducements to authors has been set 
by The James F. Lincoln Arc Welding Foundation, Kno 
as “The $20,000 award program for textbooks coveriiyy 
machine and structural design for modern. processes’, t 
project is divided into two classes: Class A, Machi 
Design; and Class B, Structural Design. Three awards 
offered in each class as follows: 


Pe I kook ks vce ee $5,000 
Second Award ............ $3,000 
_ re eer $2,000 


Any person engged in industry, consulting, or in teac in 
is eligible to submit a manuscript. Two or more perso 
may submit a manuscript jointly but no one person c 
participate in the writing of more than one manuscript 


each class. A Ft 
Manuscripts will be judged by a jury of award draw ab 
from appropriate branches and institutions of enginee | chi 
education. If the jury so recommends, the Foundati ales. 
guarantees publication of the first award texts in boiled intc 
classes by a recognized publisher of engineering >” will 
agreed upon by the author and the Foundation. Basice 
Because of the important influence of fabrication neler on 
ods, including welding, on design, particular attention 5 "gies th 
be given to this phase of the subject as an element of depiis. As 
sign practice, in order to provide a well-balanced reaiead of 
ment suited to modern requirements. In judging ye not be 
scripts, consideration will be given to the following fac Onse picked 
Educational value and utility, excellence and modermiy 1) = 
content, adequacy in coverage of design for welding, iv " Pic 
ity and logic of arrangement, completeness and page hat of tl 
ness of treatment consistent with proper length for : io 
giate use, proper balance of topics in accordance wi al ; e 
portance, and indications of future progress the g B spi 
field. uel a 
Further details of the program, which closes May * . 


1946, may be obtained from The Secretary, big 
Lincoln Arc’ Welding Foundation, Cleveland 1, Oi? 
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By Clarence Hagen 


Farm Implement Division 
International Harvester Co. 









Fig. 1—Cotton picker at work in the field. Ccm- 
plete machine is combination of a unique picking 
mechanism and a modified standard tractor 


Fig. 2—Below—Partial front view of machine 
FTER many years of experimentation, it now seems reason- _ shows throat through which plants pass for picking 
ably certain that the most practical way to pick cotton me- : 
chanically is through the use of fast-rotating, barbed 
indles. How these spinning “mechanical fingers” are incorp- 
into the design of a complete cotton picking machine prob- 
will be of interest to many designers. 
Basically, the machine herein discussed consists of a modified 
tot on which the picking mechanism is mounted. The tractor 
fides the power to operate the picker and propel it through the 
t of dts. As will be seen in Figs. 1 and 8, the picker drum is located 
d tread of the large drive wheels. This is done so that the plants 
, mai not be disturbed before the actual picking takes place. Plants 
factos#* picked from each side as the machine straddles the row (see 
rity 0 +l) and the plants pass between two vertically staggered, re- 
ig, Ong picking drums. Fig. 2 gives an unobstructed view of the 
oroug##xt of the machine through which the plants pass. 
, ole Each of the two picking drums carries 15 cam-actuated picker 
rth , and each of these bars is equipped with 20 tapered and barbed 
e HT 8 spindles. A side view of one of the drum units with the 
F Ttemoved is shown in Fig. 8. Spindle travel rearward while 
fay “Be plant zone is synchronized with the forward traveling speed 
umes he machine along the row, so that in relation to the plant a 
idle emerges into the picking zone revolving and spinning the 
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Fig. 3—Right—One of picking-drum units with 
cover removed. Set of rotating spindles is 
seen passing through doffer unit at right 


cotton out of the boll, and withdraws from the 
plant zone without any raking action across 
the plants. The unopen bolls, because of their 
hard smooth covering, merely pass between the 
evenly spaced spindles which penetrate the 
entire plant in a consistently uniform puttern. 

The spindles operate through a grating of 
slat bars that confine the plants on one side. 
On the opposite side a compressor sheet, fitted 
with adjustable springs to vary the pressure at 
which the sheet will yield, completes the throat- 
like chamber in which the plants are confined 
at the time of picking. The compressor sheet 
can be set up close to the ends of the picking 
spindles to obtain a high percentage of the 
open cotton, or adjusted away from the spindle 
ends in heavy foliage conditions during first 
picking. This compressor sheet functions also 
as a safety device, protecting the mechanism 
by yielding away from the spindles when 
hard objects such as stones and tree roots 
pass through. 

Key units of the picking mechanism 
are shown in Fig. 4. The spindles are 
rotated at a speed of 2,000 revolutions 
per minute and do not slow down, stop, 
or reverse when the cotton is removed 
from the plants or doffed. Just before 
each spindle penetrates the plants to 
pick the cotton, a film of water is applied 
to it by means of rubber applicators. 
Water under pressure is ‘delivered to a 
metering device which distributes equal 
amounts to each individual tube leading 
to the 20 applicators. The doffer units, 
consisting of 20 lug-equipped rubber 
disks arranged vertically on a shaft and 
adjustable in close proximity to the 20 


Fig. 4—Right—Diagrammatic top view 
of picker mechanism. Spindles are 
rotated by drive from large center gear 
and positioned by cam-actuated bars 


vertically arranged picking spindles in 
the picker bars, have a peripheral speed 
many times that of the surface speed of 
the spindles. Thus, since direction of rotation is the same, 
the cotton is unwound when the rim of the doffer contacts 
the cotton wrapped on the tapered spindles. 

Cotton after doffing is deposited into the lower portion 
of the picker drum doors which serve as entrance openings 
to the conveyor pipes. Then the cotton is conveyed by 
suction from these entrance openings to the separator box 
whcre the air and some of the loose plant trash continue on 
through the fan exhaust. Next, the cotton passes through 
a vacuum rotor and into a stream of clean air from the 
pressure side of another fan. It is blown by this stream of 



















































































air up into the basket against a grating through which 
air, along with more of the plant trash, escapes and { 
cotton settles in the basket. 

Unloading of the basket is accomplished by means 
hydraulic lift, an attachment which is standard for § 


tractor, using two long-stroke cylinders, one on each 
the basket. A safety latch is provided to lock the ve 
in its raised position when adding water to the tractor 0 
ing system, filling the fuel tank or servicing any 
the tractor which is located where the basket w° 


terfere. 
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Keep World Trade in Mind! 


OON to be confronted by the urgent necessity of re-employing millions 
S of returning servicemen, American industry cannot afford to let any 

grass grow under its feet before completing plans for the switch to 
peacetime production. Failure to reach and maintain comparatively full 
employment throughout the country might well result in a vicious spiral 
down to the low business level of the prewar depression. 


Pent-up demand for goods in the domestic market can be relied upon to 
provide initial impetus to those companies permitted—or even assisted—to 
effect rapid reconversion. With the tremendously increased manufacturing 
capacity of the nation brought about by the war, however, and the still 
greater number of workers that later will be available, the question arises 
as to whether the domestic market alone will be able for long to absorb 
all of the goods produced. 


Much less likelihood of such a saturation point being reached would 
exist if the eyes of the nation could be turned with as little delay as possible 
toward the favorable aspects of establishing a strong foreign trade—and 
at the same time assisting the war-torn victims of aggression in their efforts 
toward reconstruction and normal peacetime conditions. Capital goods 
particularly will be needed by them in view of the destruction of war. Con- 
versely, capital goods should be among the items this country will be in a 
most favorable position to export. 


Long-term credits necessarily would figure largely in this picture, as 
would the desirability of importing certain raw materials from abroad. 
Imports of this nature should offer many advantages including the con- 
servation of our natural resources and the building-up of war-depleted 
stocks. Taken in conjunction with the importation of certain other 
specialized items, they also would render assistance in the attempt to achieve 
a measure of world-wide prosperity through reciprocal trade. 


Over-abundant shipping facilities, highly developed productive capac- 
ity, and a probable surplus of manpower—coupled with the dire need from 
abroad—afford our manufacturing industries an opportunity never before 
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USS Tide—Minesweeper (Above). Displacement, 

700 tons; length, 220 ft; two 5-in. guns; Fairbanxs- 

Morse diesels with electric drive; two shafts; 2000 
bhp; speed, 18 knots 





Super Destroyer—Allen M. Sumner class (Right). 
Standard displacement, 2200 tons; length, 377 ft; 
extreme beam, 41 ft; molded depth, 24 ft. 


American Power on the High Seas 


Presenting a few of the mighty fighting ships Uncle Sam’s Navy is aiming 
straight at the heart of Japan. Objective—Tokyo! 


Procession of modern battleships of Seventh Fleet (Below) moving into Lingayen Gulf 
battle stations to initiate obliteration fusillade before lqnding of U. S. forces on Luzon 





Bock Submarine (Above). Dis- 
ement, 1525 tons; carries-fone 4- 
two 20-mm-Oerlikon guns; ten 21- 
tubes; has two engine rooms;:6500 
p, speed, 21 knots; complement, 65 





Perec?" go anc 


USS Solace—Hospital Ship (Above). 6209 tons gross; 
394% ft long; 62% ft beam; four sets geared turbines; 
two shafts; 12,000 shp; speed, 19 knots; complement, 171 


USS Hollis—High-speed Transport (Left). Full displace- 
ment, 1900 tons; length, 306: ft; extreme -beam, 37 ft; 
power, diesel-electric 


USS Missouri—Battleship (Left). Standard displacement, 45,- 

000 tons; complement, over 2,000; overall length, 860 ft; draught, 

36 ft max; carries 9—16-in., 20—5-in., and 128—40-mm and 20-mm 
guns and machine guns; top speed, 33 knots 


USS Lexington—Aircraft Carrier (Below). Displacement, 27,000 tons; complement, 
over 2,000; carries 8—S-in. guns and many 40-mm and 20-mm guns in quadruple 
mounts; capacity, 100 aircraft; employs geared turbines; top speed, 35 knots 
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of Engineering Parts, Materials and Process 


Has Overload Protection 


OWERFUL, compact electric air- 

craft actuators built by Eclipse- 
Pioneer feature an automatic com- 
pensating torque-limiting device in 
the form of a multiple-disk clutch 
which protects reduction gearing and 
motor against undue overloads. A 
special magnetic equalizing clutch 
prevents overrunning and jamming 
of the mechanism. Where hand op- 
eration is necessary, this clutch elimi- 
nates the resistance of the motor and 
gear train. The wing flap actuator 
shown at the right is designed for a 
maximum torque of 125 foot-pounds. 


Protects Vital Parts 


ELICATE mechanisms of Amer- 

ican fighter planes are protected 
against desert sand, dust and other 
destructive elements by synthetic rub- 
ber devices such as the flexible boot 
shown in the illustration at the right below. Manufactured by the U. S. Rubber Co., such de- : 
vices are designed to protect vital hydraulic units. Because of the superior oil-resistant proper- ? 
ties of synthetic rubber, these protectors are well suited to applications where contact with oils m 
and greases is inevitable. 











Brazing Simplifies Design, Reduces Cost 


URNACE brazing makes possible many intricate designs 

which might be difficult or impossible to fabricate by other 
methods. The reverse-cycle valve shown in the illustration be- 
low has seven joints brazed simultaneously in a Westinghouse 
controlled-atmosphere furnace. Utilizing comparatively simple 
mass-produced parts, brazing in this instance makes available 
a complicated valve assembly at relatively low cost. 
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i ORRECT specification of tolerances and interfer- 
ences tor metal fits requires a knowledge of the 
stress condition which results from distortion of 
Bihe hub and shaft. It is necessary to know the stresses 
mused not only by the selected fit but also by the pos- 
ile variations due to the necessity for accepting some 


Nomenclature 


Radial stress at bore of hub and outer surface 
of shaft, which is compressive 
Tangential stress at bore of hub, which is the 
maximum tensile stress and governs design on 
the maximum tension theory 
Maximum equivalent shear stress at bore of 
hub, which governs design on the maximum 
shear theory 
Ratio of hub expansion at the bore to the total 
initial force or shrink fit 
Modulus of elasticity of shaft material, 29,000,- 
000 for steel 
Modulus of elasticity of hub material, 14,500,- 
000 for cast iron 
= Poisson’s ratio tor shaft material, .S for steel 
= Poisson’s ratio for hub material, .3 for cast iron 
Ratio of outside diameter of hub to diameter of 
shaft 
Force fit per inch of bore 
Decrease in fit due to inertia forces of rotation 
Forcing pressure, tons, per inch of bore and 
per inch of hub length 
Coefficient of friction between hub and shaft, 
cr ratio hetween forcing pressure and total radial 
pressure at bore, assumed equal to .076 
a Peripheral speed of outside of hub, feet per 
second 

= Acceleration due to gravity 

= Density of shaft material, pounds per cubic 
' __ inch = .283 for steel 
@ = Density of hub material, pounds per cubic 
' inch = .26 for cast iron 
}2 = Nominal diameter of hole and shaft. 


& = 









Mure from strictly selective assembly practices. 
- lata Sheet includes information on maximum 
&, Page 146, and on commercial fits and toler- 
b Pages 147 and 148. 

Critical stresses occur at the bore of the 








metly inspection methods engineer with the Propeller Division 
MGatin-Wright Corp. "Mr. Knight died December 26, 1944. 
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Force and Shrink Fits 


By William Knight* 


hub, which is subject to a radial compressive stress s, 
and tangential tensile stress s,. Failure in a brittle ma- 
terial such as cast iron is most likely to occur when s; 
exceeds the safe working stress of the material. Failure 
in a ductile material such as steel usually is assumed to 
occur when the maximum equivalent shear stress, s,, 
excceds the strength of the material in shear. 

For a hub and solid shaft of different materials the 
following equations may be employed to calculate 
stresses and hub expansion (see Nomenclature) : 


S.= —EY(m’—1) 


a (mty m+ 1—y)+ (m?—vm?—1-+7) 











S.< EY (m?*+1) 
‘EB 
Be (ttm 1s) + (m?—ym*—1++7) 
EYm’* 
= 
S, E 
pp (met mit 1— 9!) + (m*—ym*—1+yr) 
= (mio m?-+1—y) 
A= 





(mito m+1 —y')+(m*?—vm?—1+7) 
When the hub and shaft are of the same material the 
foregoing equations become 


ae —EY(m?—-1) 


a 2m? 





EY(m?+1) 
water: aaa 


EY 


S,'=— 


‘ m?+ym?+1—y 
2m? 





Following are equations which facilitate determination 
of these values for assemblies employing steel on steel 
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and cast iron on steel: 

STEEL Hur AND Souip STEEL Suart, Fig. 1: For be 2.6m?*+1.4 Co 
E = 29,000,000 and » = .8, the equations for stresses 3.3m?+.7 speci 
and hub expansion become are th 

For a ductile material such as steel there is evidey - 

S,=—14,500,000 y=} that a better criterion of failure than shear stress js = 
m?* distortion energy. According to this theory, faily oo 

mt+1 would occur when the strength of material in tension ud 

S.= 14,500,000 Y—_— exceeded by an equivalent stress calculated from th = 
a following relation: Mi 

TOLE 

S,’=14,500,000 Y Eee ea er ! 
s= Vs2—88,+87 po 

a d:3m+.7 oe 
2m? in which s, and s, are calculated from the previg em 
equations. shaft 

Cast Iron Hus AnD Sotw STEEL Suart, Fig. 1: For Forcinc Pressure, Fig. 1: Minimum axial pressur sectic 
E = 29,000.000, E’ = 14,500,000 and » = »’ = .8, in tons required to force the shaft into the hub (sted o we f 
the equations for stresses and hub expansion become cast iron), per inch of hub length and per inch of ba: 

diameter, is 
Fig. 2 
m?—1 


S,=— 29,000, ——____— 
000 YF amL7 P= ied 


~ 2000” 









m’*+1 
Si= 29,000,000 Yori CENTRIFUGAL Forces: When forced or shrunk mem 
bers are rotated at high speed the pressure between 
them diminishes due to centrifugal inertia forces. The 
decrease in fit per inch of bore for a hub and solid shall 


of different materials is given by the equation 














Fig. 1—Curves for stresses, hub expansion and forcing 
pressure, based on a total fit Y=.00l-inch per inch of 
bore, and coefficient of friction u=.076 






Hub Expansion 
: Total Fit 
Stress (psi) 


Medium Hub [| 


Medium Hub 


Gy 
Ga 


pe _ Outside Dia. of Hub 
f Dia. of Shoft 
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CoMMERCIAL Firs AND TOLERANCES: Dimensions 
specified in the following for Class 7 and Class 8 fits 
are those recommended in the American Standard Asso- 
ciation Specification A.S.A. 4 Ba-1925. While these 


values are typical of current practice for various types 
of design, they must be used with caution and a due re- 
gard for the materials employed and the conditions of 


operation. 

Mepium Force Fir (Cxiass 7) INTERFERENCES AND 
ToteRANCES, Fig. 2: Considerable pressure is required 
to assemble Class 7 fits, and the parts are considered 
permanently assembled. These fits are used in fasten- 
ing locomotive wheels, car wheels, armatures of gen- 
erators and motors, and crank disks, to their axles or 
shafts. They are also used for shrink fits on medium 
sections or long fits. Class 7 fits are the tightest which 
ae recommended for cast-iron external members, in- 


fig. 2—Tolerance A and selected average interference 
A, for medium force (Class 7) fit 


ENGINEERING DATA SHEET 


asmuch as they stress ordinary grades of cast iron to 
their elastic limit. 

Formulas for tolerance A and selected average inter- 
ference A, are as follows, for Class 7 fits: 


A=.0006”D 
A,=.0005D 
Dimensions on drawings will be: 
Hole diameter= ag 
Shaft diameter= (D+ A:)*4,, 


Heavy Force AnpD Surink Fir (Crass 8) INTERFER- 
ENCES AND TOLERANCES, Fig. 3: These fits are used 
when heavy force fits are impractical, as on locomotive 
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ENGINEERING DATA SHEET 


wheel tires, heavy crank disks of large engines, etc. 
They cause excessive stresses in cast iron hubs but can 
be used for steel external members where the metal may 
be highly stressed. 

Formulas for tolerance A and selected average inter- 
ference A, are as follows for Class 8 fits: 


A=.0006”D 


A,=.001D 


ia. 3—Tolerance A and selected average interference 
A, for heavy force and shrink (Class 8) fit 


Dimensions on drawings will be 


Hole diameter = D““,,, 
Shaft diameter = (D+ A,)"4,, 


ASSEMBLY AND STRESSES: Selective assembly is ny 
essary to obtain the desired fit, which should be » 
merically equal to A;, with Class 7 and Class 8 fits, De 
parture from selective assembly would result in tighteg 
fit (A, +A) or loosest fit (A;—A). 

Stresses resulting from these fits may be found frm 
Fig. 1, the values in which should be multiplied by th 
factor 1000 x Fit/Diameter. For Class 7 fit the 
lected average value of this factor is .5, while for Clas 
§ it is 1. 
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. Grade 32510 
° Grade 35018 


Note: 
annealing. During annealing 
sulphur content. 


, ANALYSES*: See See woes see 


Standard 
Malleable Irons 


ASTM No. A47-33 


AVAILABLE IN: Castings to specifications 


FILING NUMBER 


6.00 








Grades 32510 and 35018 


Cc Si Mn P S 
2.8-2.7 1.2-.8 .55 max .2 max .18 max 
2-2.45 1.2-.85 .55 max .2 max .18 max 


These analyses apply to the white iron from which the malleable is produced by 
ere is a loss of some carbon and there may be a slight gain in 


*Not required or recommended for specification. 





PROPERTIES 


Ultimate Strength (min, psi) 
(most probable value, psi) .. . . 
Yield Point (min, psi) 
(most probable value, psi) 
Elongation (min, % in 2 inches) . 
(most probable value, % 
Brinell Hardness (usual range) . 
Reduction of Area (range, per cent) 
Modulus of Elasticity in tension and compression 
(approx., psi) 
Endurance Limit (average, psi) 
Notch-Fatigue Strength (psi) 
Properties in Shear 
Shear Strength (typical, psi) ... .-- 
i Yield Point (typical, psi) 
g Modulus of Rigidity (psi) 
raid ag a a 
7 Properties in Torsion 
| 





Modulus of Rupture (psi) 
Yield Point (psi) 
Angle of Twist at Rupture 
Bar .9-in. diam, 5-in. gage length 
Bar l-in. diam, 10-in. gage length 
$ Charpy Impact (ft-lbs) 
: Keyhole and V-notched bar 
Izod Impact (ft-lbs) 
V-notched bar 


at 
oe 


The generic term applied to materials covered in this 
is “American malleable iron”, an alloy con- 
SMthg principally of iron and carbon. As cast it is extremely 
and brittle, but it is rendered tough and ductile by 

luent heat-conversion process (annealing). It is 

ized by great toughness and resistance to heavy 
ad repeated impact, excellent ductility, high resistance 


® comosion, easy machinability, and a castability that makes 
se. —™ 


bis 





Presentation. 
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Grades 
32510 35018 
50,000 53,000 
52,000 55,000 
32,500 35,000 
34,000 36,500 
10 18 
12.5 20 
115-135 ——-—————- 
18-23 
- 25,000,000 - 
31,650 - 
about 33% of ultimate strength 
48,000 
23,000 
-- 10,675,000 -- 
17 
58,000 
24,850 
a 
790 deg 
— 6.5 to 8 
16.5 





CHARACTERISTICS 


possible sound castings, accurate to pattern, in complex as 
well as simple forms over an extensive range of weights 
and sizes, 

Although malleable iron has a slightly lower ultimate 
strength than comparable steels, it possesses a high ratio 
of yield point to ultimate strength. In estimating the yield 
point a figure of 65 per cent of the ultimate strength may 
safely be used. Because the structure of malleable iron 


MACHINE Desicn is pleased to acknowledge the collaboration of the Malleable Founders’ Society of Cleveland in 
Data included are abstracted from the Society’s handbook American Malleable Iron. 

























STANDARD MALLEABLE IRONS 












Specific Gravity (average) .................. 7.32 
Weight (average, lb per cu in.) ............ 2642 
Specific Volume (average, cu cm per gm) .... .1366 
Linear Shrinkage per foot (at room temp) ...._1/4-inch 
Linear Expansion During Annealing 
I Do oe. en win elec cles pes 1/8-inch 

Net Shrinkaget (typical) ................... 1% max 
Mean Specific Heat (cal/gm/deg C) 

SE sone se ecscbiwssccan 122 

Gas ape ab heed 6s 125 

I OE ee re Bo .128 

A a ras Coa ge aeie we hae .133 

eG OAL Gide lwoace dw oeees 139 

hE es aes og Ok vee .146 

RR rt a Oe .159 
Coef. of Thermal Expansion (in/in/deg F) 

70-750 deg F (average) ................ 0000066 


is determined by the anneal and not the as-cast condition, 
section size has little effect on tensile properties. 

It will be noted that Grade 32510 has a higher carbon 
content than Grade 35018. Because of this it is more highly 
fluid and is readily cast into light sections. It is easily ma- 
chined and is particularly suitable for castings involving 
intricate design. Foundries specializing in light work are 
successfully producing castings of this grade malleable with 
sections as light as 1/32-inch in limited areas. However, it is 
not usually specified for castings having large areas ex- 
ceeding 1 1/2 inches in thickness. It has ample strength 
for most applications. 

Grade 35018, because of its lower carbon content, has 
higher strength and- ductility than 32510. Iron of this 
grade is regularly being cast in sections from 3/82 to 
2 1/2 inches thick and, occasionally, in even larger sections. 


APPLICATIONS 


American malleable iron, used extensively in automo- 
tive equipment and agricultural machinery, is also widely 
employed in military equipment and throughout the ma- 
chine-building field in general. Typical applications are: 
Differential carriers, bearing caps, gear housings, spring 
hangers, cast gears and gear sectors, conveyor rollers, 
pulleys, guides and chains, machine pedestals, cable drums, 
machine frames, pulley hubs, couplings, caster wheels. 
machine-gun cradles, antiaircraft gun bases, track guides 
for tanks, brake heads, brake pedals, adjusting nuts, motor 
supports, pinion cages, shifter forks, steering knuckles, 
vibration dampener plates, etc. 

In general it may be said that malleable iron bearings 
are highly suitable in installations where pressures and 
speeds are low. In bearings where neither lubricating 
films nor abrasives are present, and where relative sur- 
face speed is high, galling or welding of the mating bear- 
ing parts may occur. 


FABRICATION 


MACHINABILITY: 


The machinability of malleable iron is relatively high 
because of its free carbon in the form of graphite which 
serves as a substantial lubricant on the cutting point of 
the tool. The characteristics of the chip formation, that 


CONSTANTS 











Thermal Conductivity 
(gm-cal/sec/sq cm/deg C/cm) 
152-273 deg F 
I a ns in wind oh CU 
807-453 ” F . 
SN Eg. a ce acd s kl 
I rt I io. 5 ae Siglaw 6s ws Ree 
a a 


Electrical Resistivity 
(average, microhms per cu cm) 





 . aaa 

8 errr 
ed acs ie Ob inn dae 96.21 hurized 
Coercivity* (range, ampere turns per cm)...... 1.16 - L5impperation 


tNet_ shrinkage represents substantially the difference betwe 
linear shrinkage and linear expansion during annealing, ‘APPING 


tCoercivity is the magnetizing force required to remove resiy 
magnetism. Most t 
ed at th 
is, the tendency to break up without creating undue prep! the t 
sure on the top face of the tool, also serves to avoid thgpea-cul 
generation of high heat, with consequent lengthening og? A & 
tool life. Best results are obtained when generous amomig™ then 
of suitable cutting fluids are employed. On the basis jj se 
100 as the machinability rating of SAE 1112 steel, Ameig!% first 
can malleable iron merits a rating of 120. Power require 18 ' 













to remove one cubic inch of metal at various feed rates peed ol 

shown in the following table (torque is expressed in 100 

inch-pounds ): LING 
Brinell Feed in Inches per Revolting Utter 
Hardness .0025 .005 .010 .020 having t 


Malleable Specimen A? ...... 118 815 244 201 179 IT@.. 
Malleable Specimen aaa 112 815 244 291 19) mmr an 
High-Carbon Malleable® ..... 118 256 215 198 178 ..Btme of « 


1Approximate equivalent of standard malleable iron Grade $50l§ n it is 

Sieneonianhe equivalent of standard malleable iron Grade 3 0 get t 

2Air-furnace iron of approximately 3 per cent carbon content. aa 
casiona. 


Using 


DRILLING: ma 
Cutting speed for drilling malleable iron with hig et 
speed steel drills ranges from 70 to 90 feet per minute feds for 
Minimum feeds recommended for drilling with twolm,).. 

drills are listed in the f@lowing table. For core drills, adc 
one-half of the given feed for each additional lip: 





; iDi ced per Berl Type o 
Drill Diam Feed per Rev. _Drili Diam F 
(inches) (inches) (inches) (inches) Cates 
003 .... OB Employ 
SA upteligd appear Sous a 
she ce aire eae ‘0058 
 ppacheswenesietn ee ‘0075 % 
Fee BER nate ‘009 SOARES 
| Reeacpergndaveree: Bie 1% 00000 
ER ae are pee a O11 1% 40 8B . .. 06 overtone 
(abe Ceon migeeasaee 0125 


The above speeds and feeds apply to holes ane Ivlinpe 
a depth not exceeding twice the drill diameter. For mt 
holes, the following speed and feed reductions are Prefer 





ommended: shuble 
fallard 
+ in Per Cent Mor 
Reduction in Per mu 
Depth Feed 
of Hole — 10 ended, 
& times Grill diem 2.4. 0c ccc ccc cc ccccmewess® 20 10 
eo Seer ee. 30 
S Cie Gh GIT go. wc ce cet veccce sores £0 20 fp 


6 to 8 times drill diam 


a jr00 
Recommended cutting fluids for drilling ree ’ 
are the soluble or emulsifiable oils and compoun® 
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Filing No. 6.00 
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EAMING: 

In general, speeds in reaming should be two-thirds to 
bee-fourths of those listed for drills of similar size. Choice 
15] ould be on the lower side, because a reamer can be 


- ‘ined quickly by speeds that are only slightly too high. 
M43 Weeds in reaming range considerably higher than those 
143 Bieed for drills of comparable diameter. However, a coarse 
188 B.4 will tend to produce revolution marks and rough walls. 


0 fine a feed makes a reamer idle in the cut and sub- 
| wis it to undue wear in proportion to the amount of 
+" «rk produced. Generous use of mineral-lard oil or sul- 
6.21 Mhurized oil as a cutting fluid is recommended for reaming 


.16 - | Spperations. 


‘BAPPING: 


e residu 
Most taps are broken by insufficient speed. When opera- 
ed at the highest speed practicable, not only is the life 
if the tap enhanced but the threads produced are more 
lan-cut and accurate than is the case with a slow-running 
kp. A good “rule of thumb” to follow for tap speeds is to 
amom them at the same speed as the tap drill, Malleable 
basis gra generally is tapped at from 90 to 150 feet per minute. 
|, Ameifglte first figure is the safe starting speed and the second fig- 
ome is the possible, but not necessarily the maximum, 
1 rates peed obtainable. 


lue pres 
void th 
ening 0 


in 100 

LLING: 
‘evolutingy Cutters having too few teeth are preferred to those 
020 Wiuving too many, because the latter tend to drag in the 
7 I"ivork and create excessive friction. This is particularly 
178 .. ite of carbide milling cutters. In the milling of malleable 


le Sst n it is advisable to give the cutter sufficient depth of cut 
ent, 0 get below the outside surface which may contain oc- 
caional bits of sand, scale, etc. 

Using high-speed steel cutters, the recommended cut- 
ing speed for milling standard malleable iron ranges from 
1 to 80 feet per minute for roughing cuts and 100 to 120 


< et per minute for finishing cuts. Recommended milling 
sail téds for high-speed steel cutters are given in the following 
ls, 





Recommended Milling Feeds 
‘ (approx., per tooth per rev. of cutter in inches) 
' ag Rough Coarse Finishing Finishing 
Catsto ¥-  Cutsto,-  Cutsto - 
Enployed inch-Detth inckeDezth ina’ Detth 


tal slitting saw with side chip 
dearance ny hs .003 008 
milling cutter... 22... 1... 010 012 004 
“ 5 ches woud g .012 .015 .005 
Se :010 :010 004 
Fad mill (over 2 inches) .... .010 012 .006 
“e mill (inserted tooth) ..___. .016 .020 .008 








Cutter Diameter (inches) 
% % % % 1to2 


‘Ted tlt. 
oe "clipped end mill .......... .001 .0015 .003 .004 .008 


or 
rec- . 
. Preferred cutting fluid for plain milling is one of the 
le or emulsified oils and compounds, although min- 
oil or a sulphurized oil may be used instead. 
Per Cest Tor mu} 


Feed tiple-eutter milling, mineral-lard oil is recom- 


10 ended, 
10 
20 


2 BRN 
nle iron Standard malleable iron turns readily and at relatively 


s. : cutting rates; speeds and feeds recommended are 
“tin the following table: 





ne, 18 
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Feeds and Speeds for Turning 
Malleable Iron in Turret and Engine Lathes 


Cutting Tool Depth of Cut Feed (inches Surface Speed 
Material (inches) per rev.) (ft per min) 

High-Speed Steel .. yy to % up to 120 to 160 
# to % - to bi 90 to120 

to % up to ¥ 90 to120 

% to % 5 to 55to 90 

Cemented Carbides . yy to % up to & 220 to 500 
id to % 4 to vd 175 to 350 

to% up to 175 to 400 

% to % to sy 175 to 300 


All of the above-listed data apply to continuous cutting, 
with lubricant. For continuous cuts without lubricant, these 
speeds are decreased by 25 per cent. For intermittent cuts 
with lubricant they are decreased 15 per cent. For inter- 
mittent cuts without lubricant they are decreased 40 per 
cent, and for light finishing cuts and fine feeds they can 
be increased 50 to 100 per cent. Cutting fluid utilized may 
be mineral-lard oil, a sulphurized oil, or one of the soluble 
or emulsifiable oils and compounds. 


PUNCHING AND STAMPING: 


Although holes in castings generally are cored or drilled, 
in malleable iron castings they can also be punched. 
Punching holes through a section has, however, some 
limitations, and it is not recommended when the’ thickness 
of the metal is greater than the diameter of the hole. 
Occasionally, where a cast part must have a contour of 
plate section more accurate in size and shape than is ob- 
tainable by casting, the final form can be achieved by 
stamping, 


FORMING, STAKING AND PEENING: 


Because standard malleable iron is highly ductile it lends 
itself readily to these operations. Often a part can be brought 
to its final shape by forming between dies after being cast 
in the simplest manner possible. Assemblies that ordinarily 
would be fastened together with screws or rivets, can be 
staked or peened in many instances, using cast lugs or 
bosses in place of the rivets or screws. In addition, parts 
can be held in place by spinning. 


BRAZING: 


Malleable iron can be satisfactorily brazed if a suitable 
low-temperature brazing rod is employed and a brazing 
temperature no higher than 13850 degrees Fahr. is main- 
tained. A suitable flux is required. 


SOLDERING: 


Low temperature solders or the silver solders which will 
flow at temperatures under 1350 degrees Fahr. may be used 
to excellent advantage. As in the case of brazing, a suitable 
flux is necessary. 


WELDING: 


Fusion welding of malleable iron is not recommended for 
stress-carrying parts because of the resultant formation of 
a brittle structure. There are applications, however, where 
tensile stresses are low or stresses are compressive only, 
in which welded malleable irons, even though lower in 
ductility and impact value at the weld, may be employed. 
Welding may be used as a means of repairing small sur- 




















STANDARD MALLEABLE IRONS 








face defects in castings, but care must be exercised that the 
heat of welding does not penetrate into stressed sections 
unless reannealing is done after welding. 


LOCALIZED HARDENING 


When malleable iron is heated to above 1350 degrees 
Fahr., some of the temper carbon is redissolved and the 
metal becomes hard. This makes it possible to surface 
harden or spot harden malleable castings. Heating for 
this type of hardening can be done by either electric in- 
duction or oxyacetylene flame, but care must be taken 
with the latter to have an excess of acetylene in order to 
avoid decarburization. When flame or induction hardening 
is properly done, a piece with a hardened, wear-resistant sur- 
face and a tough, ductile core is obtained. Primary difficulty 
in surface hardening malleable iron is due to the time ele- 
ment, which is so short as to make satisfactory reabsorp- 
tion of the carbon difficult to attain. For this reason, 
pearlitic malleable iron is generally more adaptable to 


surface hardening than are the standard types of malleable 
iron. 


RESISTANCE TO CORROSION’ 


American malleable iron offers good resistance to the 
corrosive effects of the atmosphere and to fresh and salt 
water. This resistance is due to an adherent coating which 
forms upon exposure to the elements. Indicative of its re- 
sistance to contaminated atmospheres is the fact that under 
the action of locemotive smoke, malleable iron shows de- 
cided superiority over wrought iron, basic open-hearth 
steel and commercially pure iron. Copper additions, up 
to 2 per cent, materially increase its resistance to this type 
of corrosion but decrease its resistance to the action of 
acid mine waters. A hot-dip galvanized malleable iron, 
with or without copper, shows a heavier iron-zinc alloy 
layer than do wrought iron, basic open-hearth steel or 
commercially pure iron, when galvanizing is effected un- 
der identical conditions. 


PROTECTIVE COATINGS 


For some service conditions a coat of paint is sufficient 
protection. More severe conditions require greater pro- 
tection. Commercial processes for rustproofing ferrous metals 
fall into two general classes; nonmetallic and metallic. Of 
the nonmetallic, there are two types in general use. (1) 
That which forms a thick skin of iron oxide, and (2) that 
which forms an iron phosphate coating. The first is brittle 
and will crack if the part is bent. The latter is flexible 
enough to avoid the development of cracks but may have 
pinholes. Both of these treatments generally are coated 
with paint or laquer. 

Metallic coatings most commonly used are zinc, tin and 
cadmium. Processes for applying aluminum and lead have 
recently been developed commercially. In particular cir- 
cumstances, chrome, nickel and silver have been employed. 
Zinc, cadmium, aluminum, and lead can be deposited 
electrolytically. However, the most common method of 
coating malleable iron with zinc is the hot-dip galvanizing 
process. 





§From Cast Metals Handbook, third edition, published by the Ameri- 
can Foundrymen’s Association. 





DESIGN TIPS 


Provide Ample Fillets: An excellent overall rule jy 
to use a fillet radius less than the thickness of the aj, 
section, and, if unequal sections are being joined, ty, 
the fillet radius at least equal to the average of the 
ness of the sections. 


Seek Uniformity of Section: Although absolute edt Publ 
uniformity cannot be achieved in any but the sil Clevel 
castings, care should be exercised to keep sections a am pound, 
form as practicable. Also, in going from one section posta 
ness to another, do so as gradually as possible. Thisis, 
essary because thin sections solidify in the mold befor 
heavy sections. The resulting contraction in size, dy 
cooling, establishes a drawing action between the thir 
thick sections that sets up stresses which seek out the w 
est spot in the piece—generally the juncture betwen 
contrasting sections—with the tendency for a crack o 
to develop. 


Proportion Beads Properly: Greater strength often cu 
imparted to a rib or plate section by the addition of a bam 
at the edge of the section. Care should be exercised to pal, 
such beading where it will not interfere with drawing 
pattern from the sand. Beads should not be too heayil, 
good rule being to make the overall thickness of the 
approximately twice that of the adjoining section. Dy 
on beads should, in general, be about five degrees, 


Provide Ample Gating Area: The designer should aif 
ipate how a piece is to be cast and provide aden™ 
section size at some point on the parting line to pa 
satisfactory pouring. This is because sufficiently large gi 
are required to feed metal properly to all sections 0 
casting during pouring. If there is any question o i 
point, the advice of a patternmaker or foundryman sho 
be sought. 





















Hold Coring to a Minimum: Cores increase the cot 
castings and hold down production rates. They are requi 
where a part is shaped with cast undercuts and holes th 
would not otherwise permit withdrawing the pattem im 
the mold. Thus, holding coring to a minimum rug fg 
holding cast undercuts and holes to a minimum. 


Be Liberal With Draft: All surfaces normally pan 
with the direction in which the pattern is drawn from 
mold should have ample draft. In general, allow a 
1/64-irich per inch of surface length. For long surtact 
approximately 1/4-inch per foot is desirable. 


Aim At Simplicity: While it is true that malleable it 
lends itself readily to the casting of complex shapes, 
ing such complexity too far can render the patternmaeyt 
and foundryman’s job excessively difficult and refed 
high casting costs. Thus, the designer is well ad 
keep castings as simple and uniform as ere 
permit. Again, even though malleable iron can be | 
sections under 1/16-inch thick, to do 0 ee 
impose undesirable design and casting limitations. . 
eral, for best overall results, 3/16-inch is a good, practi 
minimum section thickness to maintain. 


Ei 
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re ‘ American Malleable Iron 
lute Published by the Malleable Founders Society, 


the simi Cleveland; 867 pages, 6 by 9 inches, flexible cloth- 


ions as bound, available through Macuine Desicn, $4.00 
ection tigm postpaid. 
This i 
thelr wineers interested in capitalizing on some of the de- 
sz tel properties of malleable iron will find that this 
it the yegppdbook, representing the findings of many eminent au- 
betwen ities, brings together full data on present manufac- 
rack orig practices and specifications. Physical, mechanical 
i engineering properties of standard, pearlitic and al- 
sften cuffed malleables are presented, correlated with specifica- 
mn of abs as set up by A.S.T.M., U. S. Army and Navy, etc. 
sed to planters on malleable casting design, pattern design and 
drawing ‘Rchining practice offer the machine designer the basic 


aa tors which govern satisfactory and facile production. 
the bel some ndations, suggestions and applications presented 


— | particularly valuable, as well as the numerous prac- 
sould a’ “design kinks” for obviating manufacturing problems. 
i rm uded in the latter half of the book is a large section 
- to pentted to engineering tables and data of general interest 
large g , 

ctions of 

ion on t ae eee 

man snot —Z — — 

the cost 

ire red ui 

holes ti = Experimental Stress Analysis, Vol. II No. 1 

attemn ind 4 

m requi 


Edited by C. Lipson, Chrysler Corp. and W. M. 
m. Murray, Massachusetts Institute of Technology; pub- 


lly paralll lihed by Addison-Wesley Press, Inc., Cambridge, 

n from Mass.; 225 pages, 8% by 11 inches, clothbound; 
llow abe wailable through Macuine Desicn, $5.00 postpaid. 

g surfa 

Leable i hilue problems in commercial machine elements are 
nes, ca but in recent years have assumed major impor- 
ommake When the frequency of failure, often aggravated by 
reflect ¥* Continuous and higher speeds, becomes a serious 
advised cap. The trend toward larger and more complex 


ments Warnes, increasingly mass-produced, necessarily de- 


pe is more efficient machine structures. 
< ng pment of many new techniques for the deter- 


, practic of stress and strain, such as those discussed in 

are making much progress toward the solu- 
tt the problems which have grown out of these mod- 
tds. At the same time the solution of many prob- 
Sser scope, but of considerable importance, have 
filitated through application of these methods. Ac- 
= Tapid computation and evaluation of the stress and 
obtained by experiment are now available 
Mi the various new electrical and mechanical instru- 
Sections of the book dealing with de- 
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ASSETS to a BOOKCASE 


termination and control of residual stresses include studies 
on various phases of the residual stress problem such as: 
Improving fatigue resistance by shot peening, surface 
strengthening of shafts with fillets or transverse holes, and 
residual stresses in crankshafts. 

Representing the efforts of many authors, this book is a 
collection of papers which were presented at a meeting 
and symposium on residual stresses held in Boston by the 
Society for Experimental Stress Analysis, May, 1944. It 
continues and elaborates upon the previous publications 
of the society, affording further information for the me- 
chanical engineer who wishes to keep abreast of the latest 
developments in the science of stress analysis. 


oe 2 a 


Plastics Catalog 1945 Edition 


Published by Plastics Catalogue Corp., New York; 
1178 pages, 8 by 11 inches, leather bound; available 
through Macuine Desicn, $6.00 postpaid. 


Presenting again the most significant of recent articles 
on plastic materials and processes, along with a vast 
amount of profusely illustrated catalog data, latest edition 
of the Plastics Catalog is worthy of note. Wartime devel- 
opments in the application of molded plastics to such items 
as portable Army X-ray units, combat binoculars, rocket 
launching tubes, aircraft wing tabs, etc., show in detail 
the advances that have been made in this field. 

New information on recently developed plastics include 
silicones, polectron, polyethylene, furane resins, and re- 
sorcin-formaldehyde resins. Engineering design, A.S.T.M. 
standards, and materials specifications and properties are 
dealt with in great detail as well as methods of molding, 
fabricating, finishing, and assembly. Of particular inter- 
est is the section in full color devoted to the future design 
applications of plastics made possible by the new mate- 
rials and techniques. 





Written to familiarize engineers and designers with the 
functions and scope of flexible shaft application, a 256- 
page second edition of “Flexible Shaft Handbook” has 
recently been published by the industrial division of S. S. 
White Dental Mfg. Co. This book covers the progress 
and many developments in flexible shaft engineering of 
recent years—notably in aviation, automotive, electronic, 
portable tool and other machinery fields. It should prove 
a helpful reference to anyone interested in or considering 
the use of flexible shafts, and is available to engineers or 
designers who write the S. S. White Dental Mfg. Co., 
Industrial Division, on their business letterhead. 


















Comparing Dollar Structural Values 


UBIC-inches-per-dollar is a useful figure in consider- 
ing economic cost in terms of the utility or usability 
of a material. This unit of measurement can be applied 
regardless of the disposition of the material, whether in 
circular section for torsion, or channel or I-beam for bend- 
ing, when structural determinations are being made. 
The following tabulation illustrates this concept: 


Cubic Inches Modulus of 
Material Per Dollar Elasticity 
Iron 143 29 
Aluminum 71 10 
Magnesium 130 6% 
Plastic 15 to 150 6to6 


The combination of modulus of elasticity together with 
cubic inches per dollar is a gooc’ indication of the economic 
usability factor, structurally—/rom a talk by W. S. James, 
chief engineer, The Studebaker Corp., presented at a re- 
cent meeting of the Mohawk-Hudson group of the S.A.E. 


Causes of Delayed Insulation Failure 


LECTRICAL insulation troubles sometimes occur 
which baffle the observers. Several failures, when 
carefully studied, were found to be caused by the presence 
of ionizable substances which were not harmful when dry, 
but when exposed to humidity were a constant hazard in 
the presence of voltage dif‘erential. The insidious be- 
havior of such materials in insulation may allow apparatus 
to pass a high potential test and subsequently cause failure 
during a less severe test, or in service. Furthermore, the 
presence of ionizable materials near a damaged spot in 
insulation increases the hazard many fold. As insulation 
ages and the protective varnish coating deteriorates, these 
contaminants become a more active hazard to insulation. 

Several years ago a number of cases of trouble were 
experienced with short-circuited commutators due to un- 
authorized use of zinc chloride soldering flux. One com- 
mutator in particular for an experimental motor was an 
outstanding example. After several short circuits occurred, 
the bar-to-bar insulation resistance was checked. Seventy 
bars out of 300 had far below normal insulation resistance, 
which were about .l-megohm instead of above 10 
megahms. Tests clearly indicated the presence of ioniz- 
able contaminants in the low-resistance mica segments 
which increased the conductivity of the extracted solution 
by a factor of more than 10 to 1 as compared to a similar 
extract of uncontaminated insulation. 

Although with zinc chloride or ammonium chloride 
mixed into a petrolatum vehicle as a paste, corrosion and 
electrical failures due to use of acid fluxes may be appar- 
ently reduced, the dangerous electrolytes still are intro- 
duced into the insulation; their effects are merely post- 
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poned. Under humid conditions, particularly after 
petrolatum vehicle has disappeared, the zinc and yes Wor 





monium chlorides become conductors. They lower inggeWhile 
tion resistance and decrease breakdown strengths of 
sulation. This leads to failures in service rather thy 
tests during manufacturing that might occur if wate Mf 
lutions of these fluxes were used. 

Rosin and alcohol, another type of soldering flux, is x 
tively safe for use near insulation. No electrolytes ar (gus 
posited and the corrosion problem is greatly reduced. 
flux has been in use many years without causing f 
epidemics. 

Use of handcreams in shop practice was suspected a 
cause of insulation failures. Such creams are effectivef§scuss p 
prevention of irritation due to varnish solvents and 
hesives. A series of determinations was made to disc 
the conducting properties of the various handcreams in 
in the shops, and the effect of ointments and humidity 
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insulation. It was found that those creams which lie best 
soap bases, and were therefore alkaline in reaction, becajf any gi 
conducting at higher humidities, resulting in lower insidepend 
tion resistance. mply an 

One of these soap base handcreams was applied to offe perf 


per panels which were dipped into varnish. The cre@heir ad\ 
tended to dissolve in the varnish, thus contaminating 
and to melt and run during the baking operation. 4 
consequence a poor film resulted which suffered a 7 | 
cent decrease in dry dielectric strength over a cont 
panel prepared clean and free of handcream. 

On the basis of these data, the handcreams used in mi 
ufacturing were limited to the types which leave a t 
film of resin or wax on the hands, but which are neutr 
reaction. Use of these handcreams is not detrimental 
insulation if moderation is practiced. However, ¢ 
handcream used should be thoroughly investigated by 
engineers and industrial hygiene department before its 
is authorized—From an A.1.E.E. spring paper by ©. 
Braithwaite Jr. and Graham Lee Moses, Westingh 
Electric Corp. 


Standardization by Engineers 


L THE American automobile industry, as in Amem 
industry in general, most standards are vol “ 
used simply to obtain an economic advantage. Wher 
any change in conditions make it advantageous to chal 
from the standard, it will immediately become 0b™ 
A few standards dealing with safety items such as Be 
lamp beams or nonshatter glass, may be 
use by legal authority, but the standard itself was © , 
up to make certain that the more indefinite law i ¢ 
plied with at a minimum overall cost. 
Standards are successful, that is, are generally 
when they embody the essential features of the ? 
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nd 1 is therefore simply determining by study and 
lysis just what these wssential features may be. This 
dy must be carried out by men who would specify 
use of the standard—the engineers who are trying to 
duce the best result per unit cost and who are in a 
sition to judge whether any existing standard will pro- 

Je ome economic advantage. 
- afte: | The automobile industry has preferred to have its stand- 
and ges work carried on by an engineering body—the S.A.E. 
vail shile in many industries this work has been carried 
ths ofp by trade associations. There are several advantages 
ws tha developing standards in engineering bodies. Standards 
7 » made effective by incorporating them into the pro- 


neering practice in the field covered. Developing a 


water 

ction drawings for which the engineers are responsible. 
ux, is pt the trade association attempts the standards work it 
tes are qqust set up engineering groups to do the work. Standards 


uced, Tir voluntary use must be based on the best judgment 
ing {aif all persons having pertinent information, including pro- 

wers and users. The S.A.E. can and does include in its 
ected aembership engineers associated with both, who can 
ffectivescuss problems on an equal basis in a way that is not 
s and @sible in a trade association, and avoid the need of 
0 discagtempts at joint action by two or more trade associations. 
ams ing Use of any standard involves a freezing of design with 
midityBspect to the standardized feature. Engineers will be 
vhich le best judges of just how much freezing will be possible 
n, becat any given time. If the standards are developed by an 
ver insimdependent engineering body which is in no position to 

mly any commitments by the manufacturers, the latter 
ed to cite perfectly free to use the standard or not, as suits 
‘he creieir advantage. It seems very probable that the S.A.E. 


will continue to be the automobile standardizing agent 
as long as the automobile industry continues its present 
policy of competitive design change—From a paper by 
J. H. Hunt, General Motors Corp., presented at the recent 
annual meeting of the S.A.E. in Detroit. 


Improving Airline Schedule Reliability 


NE of the principal deterrents to the greater use of 

airplanes is the unreliability of schedule. In 1941 
only 91 per cent of the scheduled flights were completed, 
over the country as a whole. If it is absolutely essential 
that a person arrive at his destination on schedule, he is 
prone to go by rail or automobile because of the frequency 
with which airplane flights are canceled. 

Principal enemy of aircraft schedules is the weather, 
but it will soon be possible to complete scheduled com- 
mercial flights no matter what the atmospheric conditions 
may be. In all probability, radar is going to become the 
basis for keeping a plane automatically at a safe distance 
above obstacles for exact navigation at all times, for col- 
lision prevention, and for blind-approach and blind-land- 
ing systems which will be used in thick weather. There 
is every reason to believe that this new device plus the’ 
utilization of exhaust heat to prevent the formation of ice 
on the wings and fuselage will eventually make it possible 
to maintain a reliability of schedule at least as good as 
that of the railroad and with almost equal safety —From a 
paper by C. C. Furnas, Curtiss-Wright Corp., at a joint 
meeting of the Junior Chemical Engineers of New York 
and the Junior Group of the Metropolitan Section of the 
A.S.M.E. 
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“Chief, I've developed that new hydraulic seal” 
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Idler Damps Chain Vibrations 


N THE operation of a precision timing-chain drive the 
smooth, constant speed so necessary demands proper 
tensioning of the chain continuously. Automatic chain 
tensioning without the usual detrimental vibration or flut- 
ter found in such devices is achieved by an idler of new 
design covered by patent 2,337,591 recently assigned to 
the Renold and Coventry Chain Co. Ltd. 
This automatic tensioning idler is provided with a fric- 






Eccentric Hub 
Chain Wheel 


aw/ 

























Frictional Domper 


Section A-A 


are accomplished simultaneously by this idler 


Noteworthy Patents 


Automatic chain tensioning and damping of chain flutter 


god ou 
so to p 
normal 
undesir: 
shock p 















and acc 
wise act 
of the 
striction 
tional vibration damper in the form of a multiplate brie dr 
to overcome any undesired movements in operation, Wh initial f 
the brake prevents unrestricted movements of the id This 
it permits an eccentric hub to turn under the action of by placi 
heavy spring and remove any slack in the chain. The ig be 
automatically returns the chain to a preset tension whee dir 
ever conditions require it. A ratchet and pawl arrangliyded o1 
ment prevents return movements of the eccentric hub di Overloa: 
ing the tensioning process. or no e 
Damping action in the device increases automatic 
as the eccentric moves to relieve any excess tension whig 
may occur. The interleaved plate damper is mounte 
between the eccentric hub and a stationary support spind 
of suitable design. Pressure is applied to the plat 
through a lateral cam action as the eccentric tends ton 
verse. The idler chain wheel itself is mounted to rota 
freely on the eccentric hub. Sufficient axial float is p 
vided in order that the lateral displacement of the hub 







W; 


application of pressure to the damper cannot affect tigminute, 
ing illus 


alignment of the chain. 


Valve Cushions Hydraulic Shock 





URGE control or the cushioning of the shock whid 
accompanies pressure waves in a hydraulic line 
often required in elaborate systems to assure smooth, a, 
curate operation. A novel two-way check valve design 
to control such hydraulic surge automatically in eit 
direction is covered by patent 2,362,232 recently assigne 
to the Protectoseal Company of America, Inc. 
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Hydraulic surge is controlled in either direction bs: : 
unique valve as the spring coils act to restrict the 





The accompanying illustration clearly depicts the ' 
of this simple device in operation. Fluid from 2 hye ‘ 
line entering the valve, as indicated by the flow 5 
moves without restriction into the spaces between 
coils of the spring through the interior of the # 
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od out the opposite side. The spring is dimensioned 
9 to permit fluid flow equal to that of the inlet port at 
mal operating pressure. However, in case of a sudden 
mdesirable surge of fluid into the valve, the increased 
shock pressure acting against the cap contracts the spring 
and accordingly restricts the passage of fluid between the 
wil. This initial surge passing through the valve like- 
wise acts upon the opposite cap to extend the other half 
gf the spring and relieve any internal pressure. Re- 
griction at the inlet port continues until the surge pres- 
te bulge drops to normal and the spring again returns to 
n. Whilfizitial position. Action is identical in either direction. 
he idl This device can also be used as a single-direction check 
ion of My placing the spring in one end only. A two-piece spring 
‘he idimey be used to provide a dual control action, greater in 
o whellge direction than the other. Three projections are pro- 
arrangiiyided on the moving caps to guide and center the spring. 
ub dul Over 





oading by sudden or excessive pressures has little 
or no effect on the operation of the valve. 
natical 
M Whid 
mounte 
t spind 
e plat Miniature Motor Is Powerful 
1s to 
0 rota 
t isp IGHING only four pounds and capable of devel- 


hub ¢ oping three horsepower at 18,000 revolutions per 
fect tigminute, the tiny electric motor shown in the accompany- 

ing illustration measures only two inches in outside diam- 

der and 6% inches in overall length. Covered by patent 
2,364,000 recently assigned to the Sawyer Electrical Mfg. 
Co, this novel squirrel-cage type motor is designed to be 
woled inwardly, a considerable deviation from the usual 
§uethods used for controlling heat developed during op- 










Utilizing a hollow rotor shaft, the unit is cooled by the 


Jesigné itoduction of Freon refrigerant into the open shaft end. 


Tubular Shell 
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liquid Freon Passing along the hollow shaft of this tiny 
tor controls and maintains a constant rotor temperature 









— id Freon is thrown by centrifugal force against the 
_—/tt surface of the rotor shaft. Heat developed by the 
~ |" causes the liquid to gasify rapidly and produce 
memely low temperatures. A shoulder in the hollow 
sg“ at the liquid entry port prevents its passage out 
muigh the gas vents at that end. The length and 
diameter of the rotor provide relatively rapid trans- 
tf heat to the hollow shaft. Freon gas produced in 
& vents directly through the openings provided 
the ends of the shaft to absorb heat from the stator 
band windings, Eventually the gas escapes into the 
here via the apertures in the ball bearings, tend- 














Desicn—June, 1945 










ing at the same time to cool them. Release of the re- 
frigerant is adjusted to maintain a constant rotor tem- 
perature for controlling the resistance and slip of the 
motor. Freon is employed rather than other refrigerants 
owing to its excellent electrical insulating properties. 

To facilitate the manufacture of a rotor of such min- 
ute proportions, eliminate high resistance and also im- 
prove heat transfer properties, end rings and connecting 
bars are cast of silver. Molten silver forms a surer bond 
and retains its heat sufficiently long to allow pouring of 
the small rotor form without freezing in the mold. 


Rotary Seal Is Extremely Compact 


ROTARY sealing unit of extremely compact design 

suited specially to use in fluid clutches, hydraulic 
transmissions or torque converters, and similar equipment 
is covered by patent 2,362,341 recently assigned to the 
General Motors Corp. As illustrated in the accompany- 
ing exploded drawing, the design provides a concentric 
nonmetallic sealing nose with a separately pocketed spring- 
loading arrangement. This spring-loading device is easily 
snapped into place on assembly of the seal for opera- 
tion, thereby relieving the bellows from distortion or set 
during storage. To further protect the bellows from ex- 
cessive pressure during operation, a stiff backing plate 
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Mounting_Holder 
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Retainer Ring—e 


























Snap Ring--= H : 


Assembly of the spring loading for this rotary seal pro- 
tects the bellows against deformation 


is secured to the mounting holder. This plate also tends 
to protect the seal nose against overloading by reducing 
the unbalance of pressures on the exposed bellows sur- 
face. Sealing pressure is thus constant, provided by the 
spring rather than the fluid being sealed. 



















































High-Pressure Switch 


PARTICULARLY 
adaptable for hy- 
draulic systems for 
controlling pressures 
and cutting off cir- 
cuits at predeter- 
mined pressures, 
and for controlling 
surge loads, a new 
pressure detector has 
been announced by 
the Pressure Switch 


Lx 


2 SK ELECTRIC 


OTH atu 


Division of Cook 
Electric Co., 2700 
Southport avenue, 


Chicago 14. Known 
as the “Hi-Pressure” 
switch, it is capable 
of withstanding 3000 pounds surge load with a range of 
adjustment from 100 to 2000 pounds with a 20-pound 
differential at 100-pound pressure which increases propor- 
tionately at higher pressures. Electrical capacity for single- 
pole, double-throw, is 10 amperes at 125 volts alternating 
current, with either an Amphenol connection or standard 
conduit fitting. Pressure connection may be either % or 
¥-inch standard pipe thread. Weight of the switch is ap- 
proximately 2 pounds, depending upon the type of fittings. 


Hermetically-Sealed Instruments 


H ERMETICALLY- 
SEALED electrical in- 
dicating instruments 
with internal pivot 
construction have been 
announced by Hickok 
Electrical Instrument 
Co., 10545 Dupont av- 
enue, Cleveland 8, in 
2%, 8% and 4-inch 
round styles. The 4- 
inch instruments are 
for use in radio service 
equipment where sev- 
eral scale arcs are required, and have a diameter of 3% 
inches, flange diameter of 4% inches, taking a mounting 
hole radius of 1 15/16 inches. Included in these new in- 
struments are voltmeters, ammeters, milliammeters and 
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microammeters, both alternating and direct cung 
Housed in metal cases, they are all hermetically-sealed } 
a clamping mechanism. The vacuum seal elimina 
moist air which might cause condensation on movix 
parts. They can also be sealed with dry air or inert 
at sea level pressure. Furnished with thick flinth 
glass which withstands 25 pounds per square inch p 
sure, the instruments are vacuum and pressure tested j 
der water. Especially designed to withstand high he 
they operate properly at 85 degrees Cent. 


Adjustable Gravity Feed Oiler 


IN THE NEW small capacity 
oiler of Oil-Rite Corp., 3476 
South Thirteenth street, Milwau- 
kee 7, oil is fed by gravity 
through an oil port which is ad- 
justable within a wide range. It 
can be wide open for a steady 
flow, or closed entirely for a slow 
drop feed, even with light oil. 
Rate of feed remains practically 
constant regardless of oil level. 
To adjust oil flow, hinge lid is 
held open and a standard hexa- 
gonal key is placed through the 
hollow lock screw into the set 
screw and adjusted to suit. The 
desired setting is locked by part- 
ly withdrawing key until it en- 
gages only the lock screw which is tightened. Adjusting 
screw is in the reservoir. Oil port is a little above bottom 
of the reservoir, allowing dust and dirt to settle. Ané 
filter covers the oil port, preventing any particles ia 
entering the feed line. Of sturdy construction, the olf 
consists of a brass base and plastic reservoir which ca 
be supplied in any special height, thus decreasing} 
increasing capacity. It is available in four body sa 
Standard capacities have been selected at %, %, #@ 
1 ounce, having %-inch or ¥%4-inch pipe thread. F 

























Liquid Plastic Offered 


z 






DEVELOPED BY THE United States Rubber © 
Rockefeller Center, New York, the new family of lige 
plastics, known as Vibron resins, when combined Wa 
spun glass or other fabrics have a strength per ‘ss 
equivalent to that of steel, it is claimed. Vibron 1 
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The new 50 HP 
Cc. S.M. Mil- 
waukee ex- 
pressly design- 
ed for Negative 
Angle Milling. 
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24 | 























ACHINE tools were one of the chief reasons why 
America was able to arm our nation and our allies so 
quickly. Their accuracy enabled us to do it so efficiently . . . 
to produce armament of such exceptionally high quality. 


Milling machines, as produced by Kearney and Trecker, are 
a good example. Their superior performance in meeting high 
production milling requirements has won for them world-wide 
recognition for precision and rigidity. 


Kearney and Trecker, like other leading machine tool manufac- 
turers, have found that Johnson Sleeve Type Bearings give them 
the performance and the bearing life that makes high produc- 
tion records possible. Manufacturers of all types of equipment, 
looking for an understanding and dependable source of supply 
for bearings will do well to consult with Johnson Bronze. Our 
advice and assistance is offered without obligation. 


JOHNSON BRONZE CO. 
525 $. MILL ST. - NEW CASTLE, PA. 


Son 


ENS 
SLEKNE VANS EMDUVINT 


Brot. _ 


18 INDUSTRIAL 
CENTERS ] 
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may be combined with fabrics to make artificial leather 


and with wood veneer to form decorative structural 


panels. Characteristic differences in physical properties, 
such as hardness, flexibility and abrasion resistance in 
finished products, can be obtained by using different types 
of these resins. They are now being produced for- war 


purposes only. 


Splined-Type Fastener 





SUITABLE FOR USE in 
wood, plastics, leather, hand 
rubber and other material where 
it is needed to anchor a nut for 
attaching accessories, a new 
splined-type Rivnut has been 
announced by The B. F. Good- 
rich Co., Akron, O. This new 
type is in addition to the regu- 
lar line of Rivnuts now being 
adapted for use in many fields, 
including aircraft, automotive, 
refrigeration and 
equipment. Splines beneath the 
countersunk head supply resist- 
ance to torque, while the bulge or “upset” which forms 
below the end of the splines furnishes tension resistance. 
Internal threads left intact within the Rivnut shank take 
an attachment screw for installation of accessories. The 
new fastener is being offered in three regular sizes, 6-32, 
8-32 and 10-32, in aluminum or brass. 





Rotating Seal Developed 


CALLED THE 
Spring - life “Gyro- 
Seal”, a new type 
rotating seal has 
been developed by 
Cook Electric Co., 
2700 Southport av- 
enue, Chicago 14. 
No auxiliary springs 
are required in the 
application of these 
seals because the inherent spring rate of the bellows is, in 
most cases, sufficient to maintain the required pressure on 
the sealing surfaces. Bellows are available in all types of 
metals to suit requirements. Designed to operate on both 
external and internal pressure, they have been built to 
withstand 5000 pounds per square inch pressure in a range 
of from slower than 1 to faster than 4000 revolutions per 
minute. 


Small, Powerful Air-Motor 


W HILE THE NEW BM10 air motor introduced by The 
Bellows Co., Akron 10, O., is built on the same principle 
as the company’s BM5, it develops more than twice the 
power on the same air line pressure (10.32 against 4.9 
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electrical 











times the operating air line pressure). The motors 
small, compact, air-driven reciprocating power Units 
operate on any air line pressure up to 175 pounds, ' 








differ from conventional air cylinder design in that é 
valve and operating controls are integral with the cylinde 
permitting control over operating phases at all tim 
Independent speed-control valves provide precise and w 
limited control of piston rod advance and retraction. V: 
operating lever is adjustable to any angle, permitting ea 
connection and synchronization to any reciprocating n 
chine movement. 


Power Control Tube 


A NEW THYRATRON power- 
control tube, introduced by West- 
inghouse Electric Corp., Pitts- 
burgh, provides split-cycle control 
of high power for radio-frequency 
heating units and radio trans- 
mitters. This 15,000-volt thyra- 
tron tube, known as WL-678, 
makes possible smooth and instan- 
taneous power control from 0 to 
100 per cent load; simplified auto- 
matic load control; high-speed au- 
tomatic overload protection; low 
space and weight requirements and 
low control power requirements. It 
is designed to combine ‘the high 
voltage characteristics of a keno- 
tron, control qualities of a thyra- } a 
tron, and efficiency of a phanotron. E. ae 
General characteristics of this tube 
are: Filament voltage, 5 volts; 
filament current, 7.5 amperes; filament heating time (mil 
mum), 1 minute; and typical control bias at rated voltagé 
50 volts. 















Continuous Cast Bronzes 






oe Fre 


PREVIOUSLY AVAILABLE only as sand, ‘permane 
mold, or centrifugal castings, certain bronze 
now being produced by a continuous casting pot 
mill-length rods, according to an announcement by 4m 
Metal Inc., Milwaukee 7. As such the alloys are a&% 
to fabrication on automatic screw machines. 
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Most of us take a comb more or less for granted. But to the plastics industry, this comb is 
different. Made of the No. 1 postwar plastic—Styron (Dow Polystyrene) —it is the “measuring 
stick” for plastics in respect to appearance, quality, price and moldability. There are a number 
of reasons for this leadership. First, Styron comes from the only privately owned synthetic 
styrene plant with sufficient facilities to care for molders’ postwar requirements. This means 
availability—and it means an attractive price; add to these advantages Styron’s long recog- 
nized superior physical properties, and the list of potential uses becomes almost unlimited. 
Why not find out how Styron fits into your postwar plans? 


\\ it D 





THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 


New York, Boston, Philadelphia, Washington, Cleveland, Detroit 
Chicago, St. Louis, Houston, San Francisco, Los Angeles, Seattle 





Pp arRE. 


PRESENT AND POTENTIAL USES—Lighting fixtures and dis 

: plays; 
usulators; hydrometers; battery cases; ean bottles; closures; food 
handling * 


ipment; pharmaceutical, cosmetic, and jewelry containers; 


f Recrticins items; refrigerator parts; s; pencils; chemical 
fF ; lenses; decorative objects and ian. ei 
ERTIES AND ADVANTAGES—Beautiful, clear, translucent; 


ight through rod around corners, etc.; resistant to acids and 
‘aes; stable at low temperatures; excellent electrical msnertions 


t range; low specific gravity providing more moldings per 


a absorption. Pp LA ay T I C % 


STYRON ¢ ETHOCEL © ETHOCEL SHEETING e STYRALOY 
: SARAN © SARAN FILM © STRIPCOAT 


(DOW POLYSTYRENE 




















produced by the continuous withdrawal of metal from 
the bottom of a casting crucible. Metal is solidified as it 
leaves the crucible, passing through a cooled die of 
closely held dimensions, and is guided by driving rolls 
to a traveling cutoff device which engages at intervals 
to yield rods of good surface, uniform diameter and even 
length. 


D.C. Time Delay Relay 


ORIGINALLY DESIGNED for airborne transmitter 
equipment, the new MCR motor-operated, direct-current 
time-delay relay of The R. W. Cramer Co. Inc., Center- 
brook, Conn., is suitable for numerous industrial appli- 
cations. It is available for both direct and alternating- 
current operations, and for standard time ranges. Motor 
output shaft is connected to the cam mechanism by means 
of a small universal joint and a cupped, magnetically op- 





erated gear clutch through which the cam assembly shaft 
is driven or released. On the camshaft a pair of cams 
rotate with the main shaft to actuate the switches. A 
return spring resets the cams to starting position when 
timer is de-energized. Switch units are fully enclosed, 
single-pole, double-throw, with quick double-make, 
double-break contacts rated at 10 amperes on either 24 
volts direct current or 110 volts alternating current—sea 
level to 40,000 feet. The timers are available for any 
voltage from 6 through 30 volts direct current. They also 
can be supplied with standard synchronous motor for 
either 110 or 220 volts, 50 or 60 cycles. Overall dimen- 
sions are approximately 2 9/16 x 3 13/16 x 3 3/16 
inches. Weight without cover is 1 pound, 2 ounces. 


Small Appliance Motor 


PROVIDING “maximum power per ounce of weight and 
per inch of space” with long life and dependable perform- 
ance, the SM-4 fractional-horsepower motor announced re- 
cently by Small Motors Inc., 1308 Elston avenue, Chicago 
22, is suitable for Signal Corps, aircraft and other military 
requirements, and also for a wide variety of industrial and 
domestic purposes. This small appliance motor for alter- 
nating and direct current ranges in size from 1/50 to 1/10 
horsepower. It has overall dimensions of 8 5/16 x 4 13/16 
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x 3% inches, and weighs 3 to 4 pounds, depending 
ing and type of mounting. Operating in any mounti 
position, the motor is made to order at speeds from 9 
to 10,000 revolutions per minute with precision hal] hy, 















ings, and from 10,000 to 20,000 revolutions per ming 
with oilless sleeve bearings. It can also be furnished wi 
speed reduction gearing, or governor-controlled speed 
duction. The motor offers reversible, high starting tom 
quiet and smooth operation, and can be used for fans 
blowers, vacuum pumps, valve operation, laboratory a 
domestic appliances, etc. 


High-Speed Universal Joints 










Two CONSTANT velocity universal joints, illus 
below, have been designed by The Gear Grinding 

chine Co., 3901 Christopher, Detroit 11, to h 
strength with capacity, constant velocity with 
from deflecting forces, compactness with low 








losses, and long life with reliability. The joints en 
at speeds to 9000 revolutions per minute between — 
subject to a maximum deviation from normal of . . 
all speeds and angles of deflection the joints deliver 
the driven member the same constant speed of rotatiol 
that is provided by the driving member. 






One-Piece, Spring-Lock Fastener 






DEVELOPED BY the Simmons Fastener Division, SRM 
mons Machine Tool Corp., Albany 1, 2 new ont fi ( 
spring-lock fastener does not require nuts oF fad 7m 
and will not work loose from vibration. It 1s se 


1998 Mace 
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away view of hydraulic li 


(Tor) Cut 
hanical multiple stroke, capac 


unit, mec 
3,500 to 20,000 pounds. 


operate 
- shalt (Lower) Easy lift, easy steer easy pull, 
safety and long life are claimed for the 
“Load King.” VIM Leather “y” Packings 
d low friction 


assure efficient operation a” 
without leakage °F loss of lifting power. 
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A “LIFT” 


VIM LEATHER PACKINGS 


WITHSTOOD 35 
AND DOWNS” 


°,000 


"yPs 





cutaway design of Yale 


The arrow in the 

& Townes Load King points to a vital rea- 

son for this hydraulic lift truck’s success 

adapting VIM Leather “y" Packings 
ufacturer ran 


sign, the man 
tests of the mechanisms— 


350,000 lifts, were told, without failure. 


That's long packing lite! 


Wherever there is hydraulic 
t be good packing pro 


pressure, there mus 
tection. The first rule for success is to 8° 
good packing 


design the installation that a 
jently. There- 


set will be sure to work effic 
ains an engineering 


fore Houghton maint 

service for the sole purpose of aiding plant 
men with sound design. You're invited to 
use it when packings are a problem. 
and packing aid, depend on 
Philadelphia 33, 


Before 
for this de 
exhaustive 


or pneumatic 


For packings 
E. F. HOUGHTON & CO.. 


Pa., and all principal cities. 
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ing to compensate for various material thicknesses within 
the range of the fastener and locks and unlocks with a 
quarter-turn in a 90-degree clockwise rotation, or can be 
permanently installed for use as a blind rivet. The con- 
struction of the head assures one-direction rotation. for 
locking or unlocking. Spring pressure pulls the sheets to- 
gether, providing a tight, vibrationproof installation and 
high initial load without deflection. 


Nonferrous Hard-Facing Metal 


UNDER THE NAME of Fanweld a new nonferrous 
hard-facing metal has been placed on the market by the 
Fansteel Metallurgical Corp., North Chicago, Ill. It is in- 
tended for acetylene torch application to steel, and pos- 
sesses resistance to abrasion, heat, impact and erosion. 
Fanweld contains tantalum-columbium carbide which im- 
parts a self-lubricating action, minimizing destructive ef- 
fects of friction at elevated temperatures. Surfaces as 
thin as .010-inch can be applied with a fusion layer as thin 
as .0005-inch. No hardening or heat treating operations 
are necessary. The metal is made in 3/16 and %4-inch 
diameter rods in 14-inch lengths. 


Self-Anchoring Pins 


S TANDARD AND special self-anchoring, vibrationproof 
pins have been developed by The Driv-Lok Pin Co., 565 
West Washington boulevard, Chicago 6. For pressing or 


* REET NES BRIN BIER 8 ES ie Re NS a RRR 


driving into standard drilled holes, the pins have four 
flutes on the surface parallel to the axis. Length and 
position of the flute can be controlled so that fully or 
partially grooved pins are available. Fully grooved pins 
have a pilot at one end, permitting the pin to be inserted 
easily. The raised, work-hardened edges of the flutes pro- 
vide an expanded diameter of a few (specified) thous- 
andths greater than the nominal diameter of the pin. When 
the pin is inserted in a drilled hole, these raised edges are 
compressed inwardly, providing a self-locking element. 
These pins are available in sizes from # to %-inch diam- 
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eter, and from 6% to 4% inches in length, in any mate 
and in a wide variety of types. 


Pneumatic Solenoid Selector 


PRODUCTION OF a new, 

high-pressure, aircraft, sole- 

noid-operated selector valve 

for air or gas has been intro- 

duced by Adel Precision Prod- 

ucts Corp., Burbank, Calif. 

The lightweight selector is de- 

signed for remote control air- 

craft installations located some 

distance from the flight station, 

such as bomb-bay doors. Meas- 

uring 3% x 3 13/32 x 9 inches, 

including handle, the new 

valve operates with air, gas or 

hydraulic fluid up to 1500 

pounds per square inch maxi- 

mum pressure. Current of 12 

amperes at moment of impulse 

automatically drops to holding 

pull of only .2 amperes at 24 volts direct current. -Body 
fabricated from dural bar stock. AN 6227 standard @ 
ring seals are used throughout. Ports provide for %s-in 
line sizes. Shaft is furnished for manual operation in ci 
of electrical system failure. Electrical connections are ff 
either 2-wire or 1-wire and ground circuits. While of 
inally designed for aircraft, it is expected that the ne 
valve will be of interest to truck, bus, train and machifi 
tool designers, and all users of high-pressure pneumél 
systems. 


Plastic Terminal Blocks 


INTERCHANGEABLE with many standard types of Al 
terminal panels employing screw-type fastenings for t% 
lugs interconnecting the desired wires, a new plastic tet 
minal block has been introduced by The Paul Henry 4 
2087 South La Cienga boulevard, Los Angeles 34. 3 
the new block a cam-action “bridge” element bears agailis 
the lugs or terminals to be interconnected. A quick-sell 
locking feature provides for snap-in contacts, holding t 
contacts in position and requiring manual release 
means of levers. As the terminal panels are designed 
greater voltage breakdown requirements, as might exits 
radio circuits, possible arcing at high altitudes is @ 
inated. The block is capable of withstanding a 3000 ' i 
alternating-current insulation breakdown test. Spr ; 
are tempered beryllium copper, silver-plated. 


‘ 


Process for Plating on Aluminum 


K NOWN AS THE “Alumon” process for P , 7 
aluminum for electroplating, the new development . 


Conn., is # 
uminum 


1945 Poon 


Enthone Co., 511 Elm street, New Haven, 
ready widely in use, particularly in plating al 
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THE NEW JERSEY ZINC COMPANY 


160 Front Street, New York 7, New York 
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dar equipment and other apparatus. It enables electro- 
plating of all types of aluminum, and both rack and bulk 
work can be readily processed. The procedure consists 
in cleaning in the usual manner, followed by a short dip 
in the solution, producing an active alloy base which can 
be subsequently copper or silver-plated. After the work 
has been given a short copper plate, it can be electro- 
plated with other metals including nickel, chromium, 
gold, etc. Parts plated by the “Alumon” process can be 
subjected to severe distortion without flaking, and the 
plate can be readily soldered. 


Engineering Dept. Equipment 
Printing-Developing Machine 


For BLACK AND white prints in medium quantities, a 
new printing and developing machine known as Model 41, 
has been announced by Charles Bruning Co., 4754 Mon- 
trose avenue, Chicago 41. This model has a printing 
speed range up to 6 feet per minute, depending on the 
transparency of the original, printing from either roll stock 
or cut sheets, with a printing width of 46 inches. Uni- 
form distribution of light is assured over the printing area 





of the cylinder by a 2000-watt mercury vapor lamp within 
a 6-inch diameter glass cylinder. A new method of cool- 
ing pulls air into and through the cylinder and contact 
bands, resulting in minimum uniform machine tempera- 
ture. Printing speed is controlled by a single knob. Suc- 
tion through the bands simplifies feeding of tracings and 
sensitized paper, and the tangential method of feeding as- 
sures safety to the tracings and eliminates pinching or 
catching. A front pedal, located at floor level and at the 
center of machine, releases band tension so that misfeed- 
ing of roll stock can be corrected. Prints are delivered flat 
and dry as a result of the new type of ironing roll incorpo- 


166 








rated in the machine. Speed, contact and devas 
controls are easily removed for cleaning and gj 
contact with the developer are of stainless steel or gu, 
metallic. Mounted on four casters, the unit can be me 
to and operated in any desired location. 









Slot Lettering Guide 






For RAPID, UNIFORM and neat freehand lettemn 
engineering drawings, a new lettering guide known 
“Slot-Letter” guide has been introduced by the | 
gorukov Mfg. Co., P. O. Box 103, Washington 4 ¥ 

























particularly advantageous for the regular run of J 
drafting work on the board. With the guide, lettering 
done directly through one of the slots, a number of whit 
are provided on the guide. Reference lines assure ¢ 





When 
only a 










spacing of the note lines and neat margins. ee 
It was 
Table-Type Photo-Print Dryer 
Today 
tural n 
ADDITIONAL electrical heating elements in the . 
B-8 photo-print dryer, being offered by Peck & H ng af 
4327 Addison street, Chicago 41, assure even heat w delvin 
drying matte, semimatte or glossy prints, as well as b lof 
or black-and-white prints. Thermostatically control ’ 
the dryer is available with variable-speed drive motag phrase 
Itis ur 
For by 
its Owr 
emplo 
sound, 
It lw 












THE 


and controllers which permit speed changes over # . 
of 6 to 42 inches per minute. A chromium-plated © 

drum finishes photos with a high glossy surface. 
steel framework eliminates warping from heat. 
is available in two sizes: 26 and 44-inch widths, 5 
being rated at 110 volts, alternating or pte 

The 26-inch type measures 40 x 28 x 18 inches, 4 
44-inch type is 58 x 28 x 18 inches. ; 
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(SEE CAPTION UNDER PANEL REFERRING TO THIS PHOTO.) 


Studious Inquiry 
at Falk Antedated ‘Modern 
Research” by Over 40 Years! 


When plastics from resins and magnesium from.sea water were 
only a gleam in the eye of scientists, Falk research was “a going 
concern,” 


twas started forty-nine years ago! 


loday, more than ever before, Falk is involved in probing struc- 
tural mysteries through metallurgy and chemical analysis; in tear- 
ing apart the “fibers” of metals by mechanical testing; and in 
delving into the technologies of mechanical power transmission. 


All of this studious inquiry was established Falk practice before the 
phrase “Modern Research” was born! 


ltis understandable why Falk is a good name in industry. 


For by this studious inquiry, Falk has contributed much to the art of 
its own industry, just as it has to its customers, its community, and its 
employes, by the maintenance of and adherence to a basically 
sound, intelligent, and equitable business policy. 


always pays to consult Falk! 








ec 


* -FALK 
CONTRIBUTIONS 


-.. The first Falk research was ini- 
1896 tiated 49 years ago in a Chemical 
Laboratory devoted to the testing of “in- 
gredients of materials” used in the manufac- 
ture of Falk products. 


---Metallurgical research was 
1900 made a part of the Chemical Lab- 
oratory so that "Falk's foundry work included 
not only its art but also its science.” 


..-An old Falk catalog refers to 
1905 Falk research and describes “our 
own Chemical and Testing Laboratories which 
enable us to secure a complete record— 
microscopic, physical, and chemical—of all 
material used in our furnaces and of the 
resultant castings.” 


--+Harold S. Falk, now President, 
1906 graduated from the University of j 
Wisconsin, the first student of that school to 
major in metallurgy, stimulating further in- 
terest in the importance of research in the 
field of metal-working. 


«++ Falk designed and built its own 
191 0 gear hobbing machine in order to 
manufacture an improved type of herring- 
bone gear which Falk research had proved 
feasible. 


... Anextensive research program 
1927 of gear performance and capaci- 
ties was inaugurated. The findings, later pre- 
sented in an engineering paper, were sub- 
sequently found to possess widespread sig- 
nificance. 


... The first research program on 
1929 the Falk All-Steel Flexible Coupling 
was started, resulting in improved perform- 
ance and longer life. 


.+~ The research on gear perform- 
1934 ance and capacities, started in 
1927, was brought to a conclusion and cul- 
minated in the Schmitter Rational Gear 
Formula, now accepted by the industry as 
the basis for gear design and rating. 


... Further research on Falk Cou- 
1935 plings resulted in a coupling that is 
unique both from the design and long, trou- 
ble-free service standpoint. 


..- Research was carried on which 
1938 led to the famous Falk Marine Re- 
verse Drive used in army cargo boats, tugs, 
navy barges, and exclusively in LST's. 


... Gruelling tests in which cou- 
TODAY plings are being operated under 
severe misalignment, and gear tests at speed 


step-ups as high as 30,000 revolutions per 
minute are now in progress, 








wate Falk technicians are never satisfied 
that they have reached the ultimate. Here, in 
this photograph, the helical lead of a turbine 
reduction gear is being checked on a lead 
checking machine. 


THE FALK CORPORATION, MILWAUKEE 8 WISCONSIN 


For over fifty years precision manufacturers of Speed Reducers . . . Motoreducers . . . Flexible Couplings . . . Herring- 
bone and Single Helical Gears ... Heavy Gear Drives ... Marine Turbine and Diesel Gear Drives and Clutches ... 
Contract Welding and Machine Work. * District Offices, Representatives, or Distributors in principal cities. 
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..»A GOOD NAME IN INDUSTRY 





George H. Woodard reston 


G EORGE H. WOODARD, the new 

manager of the newly formed aviation 

gas turbine division of Westinghouse 

Electric Corp., was formerly manager 

of the company’s new products division, created in 1936 to develop 
equipment which had not reached the state of commercial apparatus. 
He filled this post in South Philadelphia Works for two years, before 
being brought to the division’s headquarters at East Pittsburgh in 1938. 
Besides directing development of new products, Mr. Woodard continued 
as executive assistant in the company’s emergency products division, re- 
sponsible for the negotiation of government contracts for ordnance ma- 
terial. One of the major objectives of the new products division has 
been to carry industry over the postwar period. Mr. Woodard was 
born in Schenectady, N. Y., in 1906, and received his degree in mechani- 
cal engineering from Cornell university in 1928. Upon graduating he 
became associated with the Ingersoll-Rand Co. at Phillipsburg, N. J., 
and remained with that company as development engineer until he joined 
Westinghouse in 1936. He holds memberships in the National Aero- 
nautic association and the Army Ordnance association. 


HE. PRESTON, recently elected vice president in charge of engineer- 
ing for the American Engineering Co., Philadelphia, brings to his new 
post a splendid background for his new work. Approximately a year 
after being graduated from Stevens Institute of Technology, he joined 
the American Engineering Co. as test engineer in connection with the 
Taylor gravity underfeed stoker. In this work he traveled not only 
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Rupert P. Esser 


MEN /. + 


, Beare. 


34 


through the United States but in @ 
ada and Newfoundland as well, @ 
in 1914 spent five months in Dusselat 
Germany, and Glasgow, Scotland, sip 
vising stoker installations. His prom 
tion as mechanical engineer for the ¢it 
pany in charge of stoker design @ 

in 1923. A year later he became 

engineer in charge of the engineering 

all the company’s equipment, the pt 
tion he held until his recent appointmel 
as vice president in charge of engineer 
ing. Mr. Preston has taken out mall 


patents with reference to stokers. CUM AX 
DATA 


R PERT P. ESSER, who has had o I 
siderable experience in the pneum x 
and hydraulic equipment field, has | 
cepted recently the position of assis 
general manager and chief a 

The Gerotor May Corp. Previous © 
becoming connected with the Gem 
organization, he had been 4 
with the Logansport Machine 
eight years, the last six of 
served as chief engineer. In 


socia 


inn 
ia 
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Molybdenum steels require relatively high 
tempering temperatures and therefore are 
relatively free from internal stresses. 


X FURNISHES AUTHORITATIVE ENGINEERING MOLYBDIC OXIDE, BRIQUETTED OR CANNED e 
ATA ON MOLYBDENUM APPLICATIONS. “ FERROMOLYBDENUMe“CALCIUM MOLYBDATE” 
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pacity Mr. Esser supervised the designing and building 
of hydraulic gun-turret controls, automatic powder-load- 
ing presses and shell chucking equipment. Prior to the 
war, the design of air and hydraulic equipment for ma- 
chine tools, presses and fully automatic assembly machines 
for the automotive and electric industries dominated his 
work. For more than three years prior to his connec- 
tion with Logansport he served as chief draftsman for 
the Aro Equipment Corp., being responsible for the prep- 
aration of all production drawings. Mr. Esser has pat- 
ented several air and hydraulic developments and has 
designed many hydraulic circuits. 


E j. KELLEY in his 
new position as vice 
president in charge of 
engineering of Skilsaw 
Inc., will put to good 
use his valuable experi- 
ence gained while serv- 
ing in various capaci- 
ties with the company. 
He joined the Skilsaw 
organization as service 
manager and in the in- 
tervening ten years has 
served as experimental 
engineer, chief drafts- 
man, electrical engi- 
neer, secretary and now 
vice president in charge 
of engineering. His first job after being graduated from 
Cornell university in 1927 was with Westinghouse Elec- 
tric Corp. Five years later he accepted the position of 
metallurgist with the Western Foundry Co., and during 
the two ensuing years directed the company’s purchasing 
department. At the end of this time, he joined Skilsaw 
Inc. 





¢ 


Rosert L. Hart.ey, one of the engineers of Lincoln 
Machine Co. Inc., Pawtucket, R. I., has returned to Nar- 
ragansett Machine Co., Providence, R. I., where he was 
formerly employed, to work in the experimental engineer- 
ing department. 


o 


Cares F. Loew has been appointed project engineer 
with Robinson Aviation, New York city. Formerly he 
had been a machine designer with Bendix Aviation Corp., 
Teterboro, N. J. 


o 


ConraD OLIVER RocNE JR., a machine and tool de- 
signer, is now an engineer for American Camera Co., 
Hollywood, Calif. 


o 


Tuomas Carney, who previously had been engineer of 
new development for International Harvester Co., Fort 
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Wayne, Ind., is now in Australia with the company 
manager of engineering. 





¢ 





Joun W. Hotpeman, who had been a member of j 
engineering staff at Packard Motor Car Co., has jg, 
the engineering staff of Detroit Gear Aircraft Parts J 
vision, Borg-Warner Corp., Detroit. 

















e 


Joun Joseru Petrik, formerly vice president of 
chinery Design Inc., Detroit, is now the owner of f 
neering Development Co., same city. 


e 


Joseru Askin, chief engineer, radiator division, Fedds 
Mfg. Co. Inc., Buffalo, N. Y., has the same position » 
with Peerless of America, Marion, Ind. 


° 


Forest R. McFarwanp has been promoted from prig 
engineer to research engineer with Packard Motor (j 
Detroit. 


o 


CuarLes W. Hammonp has joined the Eclipse-Pig 
division, Bendix Aviation Corp., Teterboro, N. J, a 
chanical engineer. Previously he had been conmet 
with Eastern Aircraft division, General Motors Cat 
test engineer. E 

‘ SI 


F. W. Lampr is now engineer in charge of stylings 
designing, Knu-Vise Inc., Detroit. He formerly had ke 
head of the product development department, CAG Pog 
ucts Inc., Dearborn, Mich. 

. 





Curis H. Bovuvy has joined Le Roi Co., Milwaukee, 
chief design engineer, resigning from his previous post 


design engineer for Cadillac Motor Car division, Geneg™™ St 

Motors Corp., Detroit. produce 

af USMeN | 

SHERMAN VANNAH, formerly senior test engineer, M"isunds f 
rance Aeronautical Corp., has been made special engine 

Aircooled Motors Corp., Syracuse, N. Y. this st 

‘ t “East 

Grorce A. Beatty has been named detail engine tion,” 

Pontiac Motor division, General Motors Corp., ne dseverg 

Mich. He had been design supervisor, Eastern AUC] 

division, of the company. 
* Easter 
India yo 


Dovcias McGrecor, previously chief engineer 4 
Motorcycle Co., Springfield, Mass., has joined Pierce 
ernor Co. Inc., Anderson, Ind. 


+ 





Roy E. Lyncu has been appointed executive engineet 
the Allison Division, General Motors Corp., Detroit. re 
other newly created positions are that of chief dev : 
ment engineer which is to be filled by CHARLES J. 
Dowat1; chief turbine engineer by J. C. FETT . 
chief engine engineer by Drurrrius GERDAN. 
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Drives for Speed Control 


(Continued from Page 122) 


field control, the total range obtainable by this system is 

somewhere around 40:1. 

Originally this system, also called Ward-Leonard con- 
trol, was developed for large units of several hundred or 
thousand horsepower. Later, the minimum recommended 
capacity was about 10 to 20 horsepower. Recently, this 
system has been extended gradually to smaller motors. 
There is now practically no limit to its use even for motors 
of fractional horsepower. 

Reviewing the main characteristics of the conventional 
variable-voltage system: 

PRACTICAL RANGE OF SPEED ControL: With variable- 
voltage control 10:1; motor field control 4:1; total 40:1. 
Essentially more can be obtained by special perform- 
ance mentioned later in this article. 

CHANGE IN TORQUE WITH THE ADJUSTED SPEED: Over the 
range of variable voltage the torque remains constant. 
Over the range of motor field control the torque de- 
creases with increasing speed. 

For example, to obtain a speed range of 60 to 2400 rev- 
olutions per minute a shunt motor can be selected having 
a basic speed of 600 at full load. Motor speeds from 60 to 
600 can be obtained by armature-voltage control. Over 
this range the rated torque remains constant and the horse- 
power output varies in proportion with the speed. The 
speed from 600 to 2400 revolutions per minute is obtained 
by field control, in which range the torque decreases with 
increasing speed, the horsepower output remaining con- 
stant. 

SPEED REGULATION: At rated basic speed, the regulation 
is 3 to 5 per cent and the speed practically constant. 
At speeds reduced by variable voltage the actual drop 
in revolutions per minute (not the percentage) remains 
constant and the regulation (the per cent drop) in- 
creases with decreasing speed. At speeds increased by 
field control the per cent regulation remains fairly con- 
stant over the whole range, Fig. 20. 

First Cost: Higher than the electric resistance methods, 
but no decisive difference as compared with hydraulic 
and mechanical devices. 

PracticaL NuMBER OF Steps: Any number of steps, 
without extra costs, by using slide-wire resistances, in- 
finite number of steps with gradual speed change easily 
obtainable. 

OverALL Erriciency: Reasonable; there are practically 
no losses in resistances or by friction. The overall effi- 
ciency is somewhat reduced by the losses in the motor- 
generator set, whose efficiency at rated load is 60 to 80 
per cent, depending upon the capacity. Longer runs 
may influence unfavorably the overall efficiency of this 
system of speed control. 


Series Variable-Voltage Control 


There are a few cases where the use of variable-voltage 
speed control is desirable, but its employment is prohibited 
by the space required for the motor-generator set or by the 
extra cost of the system. For these critical cases simpli- 
fied systems can be used which save the exciter dynamo by 
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sacrificing part of the convenient properties of the o 
tional variable-voltage control. } 

The simplest form is the series variable-voltage « 
(10) using a direct-current series generator driven 
constant-speed prime mover and connected across g 
motor, driving the load. The diagram is shown ip J 
The exciter is eliminated and speed control is a 
plished by shuniing the generator series field, as sh 
the diagram. Speed range obtainable by this metly 
about 20:1, and cannot be enlarged by field control. 
the conventional system. 

The speed-torque characteristic of the series my 
this arrangement.is not at all like a “series characters 
It is more a shunt characteristic having a somewhat hi 
speed regulation, about 30 per cent at full speed, 
drive on the other hand has a high starting torque i 
in the series characteristic. With the rheostat set for 
tenth speed the drive can develop a starting torque of 
to six times full-load torque. 

The factor which limits the economical size of this 
tem is the current capacity of the rheostat and its med 
ical performance. A practical limit for this system js 
proximately 15 horsepower. 


Self-Excited Shunt Adjustable-Voltage Drive 


Another form of simplified variable-voltage conti 
the self-excited shunt adjustable-voltage drive as she 
Fig. 22. The generator differs from the conventional 
sign in that it must be stable at a materially reduced 
age when self-excited. By stable is meant that the ge 


Fig. 21—Series variable-voltage control 


Fig. 22—Self-excited shunt adjustable-voltage 
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tor will repeat and hold its voltage with a reasonable de- 
gree of accuracy. An ordinary self-excited generator is 
stable down to about 60 per cent of rated voltage, allowing 
a voltage adjustment of approximately 2:1. To obtain an 
additional range the generator is designed to saturate at a 
lower voltage, giving stable operation over a range of at 
least 3:1. Besides this range obtained by voltage control, 
a range of 4:1 is also available by field control, making a 
total range of 12:1. 

Speed control is obtained by two rheostats, one in the 
generator field, the other in the motor field; they are me- 
chanically connected so that as one is cut into the circuit 
the other is cut out. Besides the reduced speed range, the 
other characteristics and also the speed regulation are sim- 
ilar to those of the conventional system. 

Advantage of this system is limited to those cases where 
the omission of the exciter and the saving of its space is im- 
perative. It does not offer any cost saving, the saving ot 
the exciter being balanced by the extra cost of the special 
shunt generator. In addition, the obtainable speed range 
is somewhat smaller than that of the conventional variable- 
voltage system. 


Improved Variable-Voltage Control 


During the discussion of the conventional variable-volt- 
age control, the factors which limit the speed range were 
discussed. Two of the most important are the residual 
voltage of the generator and the JR drop in the armatures 
of the generator and motor. To increase the speed range 
beyond the maximum obtainable by the conventional sys- 
tem the mentioned two limiting factors must be compen- 
sated. This is achieved by a special exciting system (11), 
giving a speed range of 20:1 merely by varying the arma- 
ture voltage. Over this entire range the regulation is re- 
markably excellent, the adjusted speeds being practically 
constant under any load from zero to full load. In addi- 
tion, speed increase of 6:1 by field control is also available. 
The maximum total range obtainable is 120:1 with an ex- 
tremely flat speed regulation. 


Electronic Control of D-C Motor 


In the electronic system, alternating-current power is 
converted by thyratron tubes to supply direct current to 
the armature and field of the direct-current driving motor. 
The voltage of both direct-current circuits (field and arma- 
ture) can be varied by shifting the phase of the grid-con- 
trol voltage of the thyratrons by a potentiometer in the 
grid circuit (12). 

This thyratron control is, in its electrical operation, iden- 
tical with the variable-voltage control. In the latter, volt- 
age is adjusted by control of the generator field and in the 
thyratron control voltage adjustment is by grid control of 
the thyratrons. Furthermore, it is easy to provide for this 
control all the features mentioned for the improved vari- 
able-voltage control. By arranging a tachometer genera- 
tor an ideal speed regulation of one-half per cent speed 
difference from no load to full load throughout the range 
of the drive can be maintained. Speed range obtainable 
by armature control is about 20:1 and by field control 2:1, 
totaling 40:1. At the present time these systems are avail- 
able from 1/50-horsepower up to 20 horsepower. Costs 
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are in the range of the conventional variable-voltage 
trol. 

Instead of the roomy motor-generator-exciter set 
only the small space for the transformer and the « 
panel required. Also, it is impossible to regenerate » 
back into the line. Dynamic braking can only be agg 
plished by resistors across the armature. Where » 
nent or occasional power regenerating is essentialg 
elevators, mine hoists, crane hoists and the lik 
motor-generator set can be specified. Furi 
should be kept in mind that the lifetime of the tule 
somewhat limited. A useful life, however, can be em 
of at least 10,000 continuous hours or an average of { 
to four years of service. For small units the thy 
control is a convenient and extremely efficient systen, 



















Where Various Speed-Control Systems Fit Bes 





In concluding this series of articles, some general 
siderations on the selection of mechanical, hydraulic, 
electric speed control may be reviewed: 

MECHANICAL DEVICES are recommended for difig 
surrounding conditions such as high temperature, ew 
sive dust or dirt, moisture, acid vapors and the like; wh 
exposed to shocks or severe vibrations; or where an it 
vidual electric drive is not provided. 

Hypravutic Devices are recommended where their { 
tures prove convenient. They have extremely fast, p 
tive and smooth reversion. They can be stalled indefin 
ly under load without damage. They embody inhe 
foolproof overload protection and extremely smooth op 
tion without vibration. 

Exectric Devices will satisfy in other cases. Usui 
alternating current is available and the considerations 
the selection of the most efficient electric device may 
as follows: 

For fractional horsepower, light and intermittent ¢ 
the series motor and series resistances will meet re 
ments. For larger sizes the multispeed squirrel-cage 
tor is recommended when only a few definite steps 
sufficient and no gradual speed-change is required. 

For a gradual control, if the load remains constant, 
wound-rotor motor and rotor resistances are a simple 3 
inexpensive method, up to a range of 4:1, and if the ais 
pation of the slip energy is not objectionable. 

If the load varies and the adjusted speed must be cf 
stant, or if good efficiency is imperative, the commul 















motor up to a range of 4:1, or the variable-voltage c™ bal 
for greater range, is the best choice. If space ® 

cost situation are critical one of the simplified vai] en 
voltage systems may satisfy. If an extreme range of va ‘ 
tion or an extremely good regulation is required the mera 
one of the improved-variable voltage systems or the thy! 

tron motor control is a good choice. Resisi 
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Overload Protection 


(Concluded from Page 134 


tor circuit so that it is subject to the armature voltage both 
with respect to value and polarity. PR2 coi] is connected 
to the line and has its polarity fixed accordingly. Connec- 
tions of the coils are such that cumulative magnetic effect 
results when the motor is functioning normally, and dif- 
ferential magnetic effect results when PR1-coil has its po- 
tential reversed due to generator action of the armature. 

Relay adjustment is such that, with normal line voltage 
applied to PR2 coil, the relay will pick up, closing its con- 
tact with positive voltage, ranging upward from zero, ap- 
plied to PR1 but will not pick up with reverse voltage 
applied to PR1. 

In starting the motor from rest, it is obvious that PR2 
coil is energized at line potential and potential across PR1 
coil, although low, is in cumulative relation to PR2. The 
voltage applied to PR relay, then, is sufficient to close the 
PR contact, energizing contactor 1A which immediately 
short circuits resistor R1-R2. Full torque is thus available 
for acceleration because the current is limited only by re- 
sistor R2-R3 which is designed to provide the necessary 
motor starting torque and speed for the first point of the 
master switch. As the motor accelerates to the first or 
second speed determined by the master switch setting, the 
armature voltage rises, due to counter electromotive force. 

If the master switch is moved for opposite direction of 
travel at either low or high speed, all of the contactors open 
in passing through the off position and the opposite direc- 
tion contactors close. Due to inertia of the load, motor 


armature, gearing, etc., motor rotation continues 
same direction as originally started. Closing of § 
posite direction contactors, however, reverses voltage 
the armature and, until the inertia energy is absorhal 
motor operates as a generator. This generated wh 
adds to the line voltage and may be nearly equal io 

Closing of the opposite direction contactors re 
the plugging relay PR (through interlock contagt 
2R) but the PR1 coil is energized with reversed yi 
Its magnetic effect opposes the magnetic effect of PRG , 
neutralizes it and prevents PR relay from closing its, 
trol contact. Therefore, contactor 1A is preven 
closing, and resistor R1-R2 remains in series with th 
tor armature. This resistor section limits the am 
through the motor to approximately full-load value by; 
sorbing the excess voltage due to the generator action) 

When the inertia energy has been dissipated, 90 | 
the motor armature comes to rest, the operator may iii 
the master switch to the off position just prior to reve 
of the motor, and thus effect a “plugging” stop. 

If the operator chooses to reverse the motion, he lem 
the master switch in position 1 or 2. As the arma 
voltage reaches approximately zero, the differential elf 
of PR1 coil becomes negligible, and the PR relay di 
Contactor 1A immediately closes and the motor is sil 
accelerated in the reverse direction with the same chat 
teristics and results as were obtained from the nom 
start with the motor at rest. 

The circuits discussed illustrate typical applications 
current-sensitive relays and indicate the possibilities 
their adaptation for utilizing the maximum capacity 
machine or for refining its control. . 





Quick-As-Wink 


This new type of Quick-As-Wink cam 
valve can be mounted for either right or left- 
hand operation. It can be operated by any 
suitable traveling or moving device. 


To assure resistance to wear and corro- 
sion, the valve plunger is made of stainless 
steel. Hardened and lapped steel is used 
for the rocker, roller, and pins of the cam 
mechanism, and bronze for the valve cage. 


This Quick-As-Wink valve can be sup- 
plied with 14”, 3%”, or 1/2,” standard pipe 
thread. Place your order today. 


All Quick-As-Wink valves are guaranteed 
unconditionally to perform satisfactorily. 
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relays 


IN GAS-ENGINE DRIVEN GENERATORS 


On farms... resorts... construction projects... road building... 
wherever highline power is not available the gas-engine driven 
generator makes work easier, life more comfortable. Typical of 
units providing power for small electric tools, home appliances, 
farm equipment and rural lighting is the Katolight gasoline engine 
generator, a product of Kato Engineering Co., Mankato, Minn. 


e 


Overcome these Engineering Hazards 
with Kelays BY GUARDIAN: 


The sleet and rain, the snow and-cold of the north. .. the searing blasts of the "dust- 
bowl”... the salt laden air of the gulf states ... rigors of weather, current surges, 
vibration—all such enemies of electrical control are encountered by gas-engine gen- 
erators. Such hazards call for precision engineered relays. 

The Katolight generator employs four Guardian relays for fully automatic control. 
When a load is placed on the battery circuit, a Guardian Series 5 d-c relay energizes 
@ heavy duty condenser for the starting operation. After the proper voltage has been 
built up, a Series 40 a-c relay cuts out the battery circuit and transmits power direct 
from the generator to the load. 

Two additional Guardian Relays, connected in series, are used to provide the neces- Witte en wnat tiene 
Sary range in current control. As the load is gradually extinguished, these relays are Sets for a 
energized to cut out the generator. Your wartime or peacetime product can likewise NEW GUARDIAN CATALOG 
employ Guardian quality relays to insure dependable performance. 


GUARDIAN™ ELECTRIC 


1601-G Ww. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR INDUSTRY 
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BUSINESS AND 
SALES BRIEFS 


PPOINTMENT of Max W. Parmalee as New York dis- 

trict manager has been announced by Square D Co., 
Detroit. Succeeding Mr. Parmalee as manager of the Cleve- 
land district will be Earle J. Rooker, who had been Cleve- 
land branch manager since 1934. 


* 


Two distributors have been appointed recently by Briggs 
Clarifier Co. of Washington, D. C. Mack Sales, 425 East Plati 
street, Tampa, Fla., will cover the state of Florida with the 
exception of the northwestern portion. This section of Flori- 
da will be handled by LaGrave & Co., 812 First National 
Bank Annex, Mobile, Ala., in addition to central and south- 
ern Mississippi and southern Alabama. 


¢ 


With Frank R. Wright in charge as district manager, a 
new sales office has been opened at 201 Devonshire street, 
Boston, by Rustless Iron & Steel Corp. 


¢ 


Connected with Harshaw Chemical Co. in plating re- 
search and service engineering for the past ten years, Arthur 
A. Schuenemann has been named as metal finishing service 


engineer for Udylite Corp., Detroit. William Henry 
formerly plating control chemist with Jacobs Aircraft Fyg 
Co. of Pottstown, Pa., has been appointed Udylite’s py 
delphia representative and service engineer, operating oyt 
the New York office. 


¢ 


According to a recent announcement by Federal\y 
Corp. of Detroit, plans are completed and work has begun 
a fifty per cent increase in the capacity of the Greeny) 
Mich., plant, which is devoted to manufacturing automg 
type bearings. 

+ 


The Ohio Crankshaft Co., Cleveland, has announced 4 
appointment of Perry Machinery Co., Dallas, Tex., as speci 
distributor of its TOCCO process induction heat treatne 
equipment in the South. 


s 


Sales manager of the Industrial Controller division sing 
1929, T. B. Martin has been appointed director of advertisi 
for both the Detroit and Milwaukee electrical divisions 
Square D Co., with headquarters in Milwaukee. Succes 
ing him as sales manager of the Industrial Controller 
vision is Frank Roby who has returned from the am 
forces. 


¢ 


Appointment of William A Rock as resident engineer in t 
Corpus Christi area, under the direction of the Hous 
office, has been announced by The Foxboro Co., Foxbo 
Mass. His mail address i$ P. O. Box 1956, Corpus Chri 
Tex. Also announced is the addition of James M, Tuttle tot 
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Briggs Coolant Filters and Oil Clarifiers quickly pay 
for themselves in increased production and reduced 
maintenance .. . as this actual report clearly shows. 
What it doesn’t show however, is the better work 
produced ... closer tolerances, better finish. It doesn’t 
show that the danger of dermatitis was minimized. 


Effective filtration of coolants or lube oil may be the 
solution to your production and maintenance 
problems. Briggs Filters are available for unit 
machines, central systems or special applications . . . 
for all types of coolants and oils. 

Get in touch with the Briggs distributor nearest you 
(listed in the “Filter” section of your Classified 
Telephone Directory) or write direct for complete 
descriptive literature. 


BRIGGS CLARIFIER COMPANY 
General Offices, Washington 7, D. C. * Distributors in Principal Cities 
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BLACKMER ROTARIES 


... THEY ARE 














Wear is confined to these 
points .. . the tips of the 





This much can wear 
away without affecting 
““*buckets.”’ thecapacity ofthe pump. 


""BUCKET DESIGN" 


(swinging vane principle) 
is a Blackmer cost cutting feature. 





STANDARD CONSTRUCTION 


@ Unlined for oils, syrups, etc. 

@ With removable liners for corrosive or 
abrasive liquids 

@ Steam-jacketed for extreme viscosities 

@ With removable liner and steam-jacketed 











We Design and Build Special Pumps 
Our Engineers Are at Your Service 


POWER PUMPS 
Capacities to 750 G.P.M.—Pressures to 500 psi. 


HAND PUMPS 
Capacities to 25 G.P.M.—Pressures to 125 psi. 


Write for Bulletin No. 306—Facts About Rotary 
Pumps. 


BLACKMER PUMP COMPANY 
1970 Century Avenue Grand Rapids 9, Michigan 


BLACKMER kKcot'4 DUMPS 


“BUCKET DESIGN “SELF-ADJUSTING FOR WEAR 
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staff of engineers attached to the Pittsburgh office d 
company at 5151 Baum boulevard. 
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Opening of a New York office in Room 807 
building, 420 Lexington avenue, has been email 
Benwood Linze Electrical Mfg. Co., manufacturer of 
metallic rectifiers, power packs, etc. H. S. Dahl has | 
placed in charge of the new office. 


















6 


Headed by Addison T. Smith and Walter R. Ellis, ( 
pressed Air Products of Newark, N. J., has been name 
clusive sales representative in New Jersey and greaty 
York by Gerotor May Corp., Logansport, Ind. 


e 


Announcement has been made of the change oj 
tion of W. G. Kerr Co., representative for Reeve 
Co. in western Pennsylvania and part of West Virginia, 
also for Foote Bros. Gear & Machine Corp. in 
Pennsylvania. Offices of W. G. Kerr Co. now will be he 
at 520 Oliver building, Pittsburgh 22. 


o 


Establishment of offices and plant at 5233 West San 
nando road, Los Angeles, has been announced by f 
Plastics & Chemicals Co., recently organized to pr 
plastics materials and various chemicals. John Dé 
technical director of Plastics Industries Technical h 
will serve as consultant. 


° 


American Photocopy Equipment Co., Chicago, has 
Martin L. Terbush Jr. at 6432 Cass avenue, Detruil, 
field representative of the company. 


S 


Announcement has been made of the following four 
appointments in the meter and instrument division of Ge 
Electric Co.: Richard Cutts Jr., sales manager of the » 
section; E. J. Wehrle, sales manager of the electric im 
ment section with R. H. Mitchell as assistant manager; | 
E. J. Boland, sales manager of the aircraft instrument se 
All four men will be located at the West Lynn Wor 
the company. 

+ 


Associated with the company for five years, W. E. © 
has been named sales manager of The Steel Improvemes 
Forge Co. R. A. B. Williams, 216 Professional bull 
Los Angeles, has been made sales representative and 
cover California, Oregon, Washington and Arizona. 


7 


Recently announced by Sterling Alloys Inc. is the #7" 
ment of Glidden Engineering & Equipment Co., First Nati 
Bank building, Houston, Tex., as representative in Texas, u 
homa, New Mexico, Louisiana, Mississippi and westem 







S 









Callite Tungsten Corp. has named Lawrence a 
sales manager of the Wire Division to su c 
Malm, who has joined Little Falls Alloys Inc. of West ®* | 
son, N. J., in an executive capacity. Mr. Halleran " 
assistant supervisor of the Alloy Wire Mill of # ay 
company. ae 


ju ' 
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an You Give Us a Tougher 
UPSET Job Than This? 


» Terminal Stud for Signal Bond 
» cold forged (Upset) by National. 4 


Hammer Man Driving Bond in Rail 
for Lifetime Service. 





Here’s a piece of metal that really takes a beating. It’s the 
terminal stud for Ohio Brass Company’s Hammerhead Signal 
Bond. It must withstand first a severe assembly operation in the 
plant, then a lusty blow on the head when it’s driven into the 
rail, and finally, the constant vibration throughout the lifetime 
of the rail as the trains thunder over it. 

When production needs for this stud could not be met by 
hot forging, Ohio Brass put it up to National Screw. It was a send for a copy of the 
very difficult part to upset, particularly with the necessity of  ‘‘Savings”’ booklet— 
procuring perfect grain flow and tempering to prevent diffi- = sen aga eget 
culties in final assembly and reforming. We worked out a money saved by 
method of upsetting from round wire, solving the problem of — “‘National”’ methods. 
securing volume while at the same time reducing the cost. 

Few upsetting jobs are as tough as this one, but we cite it to 

W you what unusual things can be done where unusual 
experience, ingenuity and facilities are at your service. 








Have you seen our “Savings” book- 
let? If not, please write for a copy. 


IHE NATIONAL SCREW & MFG. CO., CLEVELAND 4, 0. 
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Depend on 


for Improved 
Blueprint 
Reproduction 


Try HI-DENSITY Lead 
for yourself and see 
the sharp, clear-cut 
lines it draws...Re- 
production will be 
improved. Greater 
opacity brings out fin- 
er details free of fuzz 
and smudge. You'll 
feel the difference, 
too, as it glides along 
to rule a uniformly 
dense line. Erasures 
are easy—because 
the lineis onthe paper 
...not scored into it. 
Test Microtomic’’Van 
Dyke” Drawing Pen- 
cils in the store of 
your accredited “Van 
Dyke” dealer. 


MICROTOMIC 


VAN DYKE 


NG PENCILS 








ia 


NEW MACHINESS 


And the Companies Behind Them 


Air Conditioning 
Electronic air filtration equipment, American Air F; 
> Ai 
Inc., Louisville, Ky. a 
Ultraviolet air purification unit, A & J Co., Chicago 9} 
Automatic commercial stoker, American Engineering ¢ 
Philadelphia. 
Packaged hot-water heater, Vapor Car Heating Co, j 
Chicago. 
Steam-mixer, water heater, O’Brien Steam Special 
Syracuse, N. Y. ws 
Self-contained dust collector, Claude B Schnei 
Detroit 16. a 


Food 


Sugar crystallizer, The Stearns-Roger Mfg. Co., Denver, G 
Ice cream filling machine, Anderson Bros. Mfg. Co., 
ford, Ill. 





Heat Treating 
High-speed aluminum heat treating furnace, General Ele 
Co., Schenectady, N. Y. F 
50 KW electronic heater, Industrial Heating Division, @ 
eral Electrie Co., Schenectady, N. Y. a 
All-purpose brazing furnace, Lindberg Engineering Co., 
eago 12. 7 
Oven-type protective atmosphere furnace, W. S. Rockwell @ 
New York 7. 


Metalworking : 

Powered crush dressing device, The Sheffield Corp., Dayl 
1, O. 7 

Carbide tool grinder, E. F. Hager & Son, Queens Village! 

E. Z., N.Y. 

Two-way trunnion type machine, Le Maire Tool & Mfg. Gi 

Dearborn, Mich. 

Spindle machine, Kindt-Collins Co., Cleveland 11. 

Hydraulic slotters, Rockford-Machine Tool Co., Rockford, I 


Naval Equipment 

*USS Missouri, Battleship, New York Navy Yard. 

°USS Lexington, Aircraft Carrier, Bethlehem Shipbuilding B 
Quincy, Mass. 

*USS Solace, HoSpital Ship, Western Pipe & Steel Yard, 
Angeles. 
*USS Tide, Minesweeper, Savannah Machine & Foul , 
Savannah, Ga. 

*USS Rock, Submarine, Manitowoc Shipbuilding Co., 





woc, Wis. 


Powder Metallurgy 


Duplex hydraulic press, E. W. Bliss Co., Brooklyn 32 7 
12-ton powder metal press, F. J. Stokes Machine Co. Mi 
delphia 20. : 


Testing i 
Giant-sized dynamic balancing machine, Tinius Olsen Test 
Machine Co., Philadelphia. 4 


Textile a 
Multilap dyeing machine, E. I. du Pont de Nemours &@ 
Dyestuffs Div., Wilmington, Del. 4 


Woodworking 
Portable surfacer, The Porter-Cable Machine Co., § 





* Illustrated on Pages 142-148. 
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